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Introduction 



V 



The Portland Project was initiated in the fall of 1962 when two secondary 
school teachers, one with background in CBA chemistry, the other having responsi- 
bility for PSSC physics, began to note and discuss the redundancy in their respective 
courses. Why should students be subjected to this repetitious and fragmented repre- 
sentation of the physical sciences? they asked, A Steering Committee met to pursue 
the problem further and perhaps enlist the support of a funding organization to 
permit its exploration in depth. Under the able and devoted leadership of Vernon 
Cheldelin, Dean of the School of Science at Oregon State University (deceased), two 
proposals prepared for support by the National Science Foundation were funded in the 
summers of 1963 and 1964, 

Thirty-five scientists and teachers devoted various quantities of time as 
writers, consultants, pilot teachers, and evaluators, with the aim of ascertaining 
the feasibility and efficiency of the Integration of chemistry and physics. Con- 
currently and subsequently, other groups in other parts of the country have carried 
on studies that are approximately parallel to this one J Though the conceptual 
development and points of emphasis differ, the various groups are satisfied that 
integration of science courses is not only feasible but highly desirable. 

Dr. Michael Fiasca of the Education and Science Staffs of Portland State 
University conducted an evaluation which revealed that subject matter achievement in 
chemistry and physics and critical thinking abilities are enhanced among students 
who studied the integrated courses over those who study the separate disciplines of 

T 

Federation for Unified Science (FUSE) was recently organized to act as a 
clearinghouse of information on integrated science courses. Victor Showalter at 
Ohio University is the chairman of this committee. 
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chemistry and physics. It should be emphasized that though these differences were 
apparent, it could not be demonstrated that they were statistically significant. 2 
A concomitant result showed that enrollments in the two-year integrated courses were 
dramatically greater than in the separate courses. 

A survey completed April 16, 1967 showed that there were forty-four schools 
in twenty states using the Portland Project integrated chemistry-physics course."^ 

Mounting evidence in the literature from prominent persons working in science 

education strongly supported this mode of organization. Dr. Jerrold R. Zacharias, 

the prime instigator of the PSSC physics program, exemplified the changing attitude 

of scientists and educators: 

The division of science at the secondary school level, into biology, 
chemistry and physics is both unreasonable and uneconomical. 

Ideally, a three-year course that covered all three disciplines 
would be far more suitable than a sequence of courses which pretends 
to treat them as distinct. Today such a three-year course would be 
difficult to fit into the educational system, but much of this diffi- 
culty might be overcome at once if such a course existed, and it might 
well be that present tendencies in education would soon overcome the 
rest. 

In any case, a greater coordination of the three subjects is 
possible even within the existing framework. It is understandable that 
the groups which developed the existing programs, each of which faced 
great problems of its own as it worked toward its goals, were reluctant 
to embark on the larger task of giving coherence to the sum of their 
efforts. With the programs now complete or approaching completion, 
it may be that the time has arrived for this necessary step.^ 

2 

Detailed results of this study may be obtained by writing to Dr. Fiasca 
at Portland State University. 

^Detailed enrollment figures and addresses of people who are using the 
Portland Project courses may also be obtained from Dr. Fiasca. 

*From page 52 of Innovation and Experiment in Education, a Progress Report 
of the panel on Educational Research and Development to the U.S. Commissioner of 
Education, the Director of the National Science Foundation, and the Special 
Assistant to the President for Science and Technology, March, 1964. 
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Sti^iulated by the apparent success cf thpir original work towards tnis kind of 
integrated course, persons close to the Portland Project began to discuss e/tonsicn 
of their work to include biology with chemistry and physics in a three-year sequence. 
A third proposal was prepared in 1966 and granted support by the National Science 
Foundation. Dr. Arthur Scott, member of the Chemistry Department at Reed College who 
has had deep interest in the Portland Project since its inception, graciously offered 
his talents, energy and time to carry on the project after Dean Cheldelin's death. 

A writing conference was conducted on the Portland State University campus 
during the summer of 1967 to develop materials such as teacher and student guides. 
Eight local pilot schools committed approximately five hundred students and twelve 
pilot teachers for testing and evaluation. Dr. Donald Stotler, Supervisor of 
Science for the Portland School District, has had an active part in this and other 
phases of this project. 

Twenty-six persons whose functions were writing, consulting, analysis, and 
editing met on the Portland State campus beginning June 14, 1967 to begin preliminary 
work on the integrated course. Their first task was to formulate an outline that 
displayed logical content development utilizing concepts out of biology, chemistry 
and physics. Particular attention was paid to matching students' abilities, interest 
and maturity level with the sophistication of concepts as nearly as this was possi- 
ble to do. Then the committee perused material developed by the national curriculum 
groups — PSSC, Project Physics, CBA, CHEMS, BSCS and IPS — in search of material 
to implement the outline they constructed previously. In the absence of appropriate 
materials, major and minor writing projects were initiated. 

The writing committee continued its work in the summers of 1968 and 1969 
with Dr, Karl Dittmer, Dean of the Division of Science, as director. Four major 
projects were tackled and completed: (1) extensive revisions were effected in the 
three-year outline, (2) the first- and second-year courses were revised based upon 

9 
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student and teacher feedback, (3) the third-year course was developed incorporating 
Harvard Project Physics materials as a main vehicle, and (4) an evaluation program 
for the three-year course was developed. 
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Three-Year Course Rationale 

The decision to try to develop a three-year integrated science course which 
would replace the traditional three courses in biology, chemistry and physics is 
based on several considerations. Among them are: 

(1) a conviction that modern developments have made the division of science 
under these three headings obsolete; 

(2) a recognition that the traditional courses overlap in many areas, 
resulting in a great deal of duplication and repetition as in the gas laws, atomic 
and nuclear structure, calorimetry and the kinetic molecular theory; 

(3) a feeling that terminal students, who take no more than one year of 
science, deserve to get a taste of all of science rather than just one aspect, as 
they do in the conventional programs; and 

(4) a desire to emphasize the unity in the approach to natural phenomena 
and the similarity in the methods, techniques and apparatus used by scientists in 
all fields. 

A natural question arises as to what distinguishes this course from a 
general science course expanded to three years. The answer is that this course 
does not consist of a number of unrelated topics that might be taken up in any 
order; rather, it treats science as a structure that proceeds from observation to 
the development of general principles and then to the application of those principles 
to more involved problems. The emphasis in a general science course is on the 
results of science; the emphasis here is on the methods and reasoning by which 
scientists have arrived at these results. 

The three-year course outline shows that a number of topics such as 
properties of matter, energy, heat, and certain biological concepts are discussed 
at the first-year level and again later in the course. This re-cycling is deliberate. 
It is intended to introduce students in a semi -quantitative way to some of the 

o 

ERIC 



significant generalizations of science and to show how these generalizations arose. 
These topics are treated again in the second and third years when greater facility 
with mathematics on the part of students makes it possible for them to understand 
and appreciate discussions of these topics in the succinct and precise language of 
mathemat. :s. 

An excessively formal and quantitative approach is avoided in the first 
year for several reasons. Students at this level do ,iOt extract essential meaning 
from such a presentation of information; furthermore, first encounters with new 
ideas should proceed from an intuitive, non-quantitative confrontation , to one that 
is more quantitative. Teachers have spoken out against teaching and learning methods 
which substitute equations, formulas and other quantitative representations for 
first-hand experience, word descriptions, examples and illustrations. These 
criticisms are just as valid for students who are very capable and very interested 
in science as they are for other students. Moreover, the mathematical sophisti- 
cation of students at thi. Irvel is such that they are unable to follow most mathe- 
matical arguments as explanations for natural phenomena. 

The typical science experiences of most secondary school students consists 
of one or two years devoted to general science and biology. Few study physics and 
chemistry. A significant advantage to the course of study described here is that 
students are given a chance to study physics and chemistry at a level of rigor 
that is consistent with their ability and their mathematical maturity. Students 
who terminate their study of science at the end of one year get a significant 
exposure to the structure of biology, chemistry and physics as they are presented 
in the latest curricular developments. Students who might not elect science beyond 
the first year because of lack of interest in biology may be attracted by the 
chemistry or physics portions of the course and elect to take an additional year 
or two of science. Students who are "turned on" by biology may wish to pursue 
further study of biochemical topics in Years II and III. 
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FIRST YEAR COURSE xix 
After considering these problems and goals, the general course OLitlire 
for the first year of the course was derived. It consists of four main parts: 

(1) Perception and Quantification 

(2) Heat, Energy and Order 

(3) Mice and Men 

(4) Environmental Balance? 

The year begins with a study of the perceiver, moves on to the perceived, 
and ends with the interaction of the perceiver with the perceived. The first-year 
student starts out by gaining a better awareness of the nature of his perception 
and senses the faculties that make him aware of the world around him. With ^n 
Increased u'^ derstanding of these perceptual abilities, he can turn to the environ- 
ment and then relate himself to it. He finds that his perception is limited and 
that he often needs to call on technological and conceptual extensions and that 
even these have their limitations. 

The importance of organization and classification as parts of perception 
is emphasized. The physical properties of matter are introduced and studied as 
aids in organization and classification of chemicals. The identification of un- 
knowns by study of their physical properties and use of organized data on punch 
cards is the culminating experiment of the Perception unit. 

Apart from the great diversity exhibited in nature, which the scientist 
must organize in order to comprehend, certain unifying principles are essential for 
deeper understanding. The most powerful of these Is the energy concept, which is 
explored in the "Heat, Energy and Order" unit In several of its ramifications - 
physical, chemical and biological. The discussion begins by developing an experi- 
ential ly important energy form, viz., heat. The macroscopic aspects of heat as 
embodied in calorlmetry are related to the microscopic in terms of random molecular 
motion. This builds confidence in the idea of the atomic nature of matter, which 
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is essential to much of the unit. Various energy conversions form the vehicle 
for extending and generalizing the energy concept. Nuclear energy is developed 
in sufficient detail to underscore its environmental and social significance. 
Finally, the thermodynamic limitations and implications of energy conversion are 
explored, ending with a view of life as a supremely artful organizer in nature, 
a mechanism powered by energy which creates wondrous "local order", but always 
at the expense of influencing its environment. 

The growth of a mouse colony carries the thread of the unit "Mice and 
Men." As the colony develops, students learn many things about the concept of 
population. The food and water consumed and products eliminated tie the mouse 
colony back to the unit "Heat, Energy and Order", and point ahead to the chapter 
on communities and to the unit "Environmental Balance?". 

The ce.l concept is given prime position in this unit. It is used to 
enter topics on reproduction, embryology and maturation which are observed in the 
mice and other organisms. The mice selected for the original colony are such that 
an experiment in Mendelian genetics comes out of the observations students make 
as the colony develops. In most of the chapters man is an important organism and 
receives as much attention as the mouse, although the data are often secondhand. 

A rather unpleasant fact that must be faced is that as our population 
increases, and human activities are directed towards increasing the standard of 
living for this population, strains are placed upon the environment. As students 
discover in "Mice and Men," the size of the community has a relation to both the 
quantity of the food, water and energy required and the quantity of waste products 
produced. To develop the concept of a closed system and point out the necessity 
for environmental management, an analogy between the earth and a spaceship is 
made. Students are then introduced by a multi -media approach to the nature of some 
of our common pollutants (with emphasis upon air, water, heat, noise and radiation) 



as well as their effects. Following this students are encouraged to undertake a 
rather detailed study of a particular type or aspect of pollution. Emphasis here 
is placed upon student activity, which may take any number of forms. The culmi- 
nating activity centers around discussion of these special studies together with 
the complex relations involved within the environment. It is hoped that out of 
these studies students will become aware of threats which exist to man's future 
on this planet, 

THE SECOND YEAR COURSE 

The second year of the course is considerably more quantitative in its 
approach than the first. This is the case because (1) the students are one more 
year along in their mathematical preparation, (2) the students who elect to take 
a second year of science are more likely to exert the effort to master more diffi- 
cult topics, and (3) many of the quantitative aspects of physics and chemistry 
are basic to an understanding of molecular biology, which is an important part of 
the following year's work. 

The second year consists of two parts: 

(1) Motion and Energy 

(2) Chemical Reactions 

Year II begins with the study of motion, going from the quantitative 
description of motion to a consideration of what causes motion and a discussion of 
Newton's laws. There follows the development of the laws of conservation of 
momentum and energy, including a discussion of energy in biological systems. This 
section, which is primarily mechanics, cul-ninates with a discussion of kinetic 
molecular theory. 

Due to recent advances in both molecular biology and biochemistry, the 
descriptive approach to biology has gradually given way to one that is primarily 
analytical. It Is now necessary, even on the high school level, for the serious 
biology student to have a more thorough understanding of those concepts normally 
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xxll embodied in the "modern" high school physics and chemistry courses. The majo^ 

objective of "Chemical Reactions" is to build some of those basic chemical concepts 
that are necessary for an analytical study of "The Chemistry Of Living Matter" 
and "Energy Capture and Growth." 

The following subtopics of this section help in the realization of the 
major objective; Some of the topics discussed are the mole concept, equation 
writing, energetics associated with chemical reactions, the dynamic nature of 
particles and their interactions and the application of energy and equilibrium to 
chemical systems. 

THE THIRD YEAR COURSE 
Year III consists of four parts: 

(1 ) Waves and Particles 

(2) The Orbital Atom 

(3) Chemistry of Living Matter 

(4) Energy Capture and Growth 

The underlying rationale of the third year is a study of energy and its 
importance to life. The first thrust is to build the orbital model of the atom 
using, as background, waves, electromagnetism and historical models of the atom. 
Once the orbital model is established as a representation of the localization and 
directional ization of electronic energy, structural models are built to show how 
biopolymers are spatially arranged and experiments are done to give evidence of 
energy relationships. With shape, size and energy relationships of molecules 
established, the DNA molecule is introduced. The culmination of this work comes 
in the final section when photosynthesis is considered. With this topic, much 
that has gone before is brought to a logical focus. 

These topics are most appropriately placed in the third year of the 
integrated sequence after students have developed some facility with basic ideas 
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from chemistry and physics - e.g., quantitative knowledge about energy, mechanism 
of chemical reaction, equilibrium, rate of reaction, the photon and wave nature 
of light, electrical phenomena, and kinetic molecular theory. They should not now 
simply parrot biochemical processes such as photosynthesis and cell respiration 
but should understand the many chemical and physical principles which underlie 
these processes. 

Time is allotted at the conclusion of Year III for individual investigation 
and studies. 
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Three-Year Course Outline 



TOPIC REFERENCE 
First Year 

Part One: ueption and Quantification 

I. Sensing and Perceiving PP* 

11. Measurement, Distribution, PP 
Organization and Communication 

Part Two: Heat, Energy and Order 

r. Heat PP 

II. Temperature and Chaos PP 

III. Energy PP 

IV. Nuclear Energy and Radioactivity PP 

V. Trends in Nature PP 

Part Three: Mice and Men 

I. Reproduction and Development PP 

II. Genetics PP 

III. Genetics and Change PP 

IV. Populations PP 

V. Ecology PP 

Part Four: Environmental Balance? PP 



PP designation signifies materials produced by the Portland Project. 
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TOPIC 



REFERENCE 



Second Year 

Part One: Motion and Energy 

I. Motion HP* 
II. Newton Explains HP 

III. Multi-Dimens-ional Motion HP 

IV. Conservation HP 

V. Energy - Work HP 

VI. Kinetic Theory of Gases HP 
Part Two: Chemical Reactions 

I. The Mole as a Counting Unit PP 

II. Combinations of Gases PP 
III. A Useful Form of P=kDT PP 

IV. Chemical Equations PP 

V. Electrical Nature of Matter CHEMS+ 

VI. Basic Particles CHEMS 

VII. Energy Effects in Chemical Reactions CHEMS 
VIII. Rates of Reactions CHEMS 

IX. Equilibrium CHEMS 

X. Solubility CHEMS 

XI. Acid-Base CHEMS 

XII. Oxidation-Reduction CHEMS 



* HP designates Harvard Project Physics material. 
+ CHEMS designates material derived from the Chemical Educational 
Materials Study. 
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TOPIC 



REFERENCES 



XIII, Stoichiometry 



CHEMb 



Year Three 



Part One: Waves and Particles 
I . Waves 
ri. Light 

III. Electrtcity and Magnetic Fields 
I^. Faraday and the Electrical Age 

V. Electromagnetic Radiation 
VI. If.e Cuemiucl Basis of Atomic Theory 
VII. Electrons and Quanta 
Yirt. The Rutherford-Bohr Model of the Atom 
IX. Some Ideas from Modern, Physical Theories 
Part Two: The Orbital Atom 

I. Atoms in Three Dimensions 
II. Many-Electron Atoms 

III. Ionization Energy and the Periodic Table 

IV. Molecules In the Gas Phase 

V. The Bonding In Solids and Liquids 

Part Three; The Chemistry of Living Matter 

I. Monomers and How They Are Built 

II. Polymers or Stringing Monomers Together 

III. Polymers In 3-D or The Shape of Things to 
Come 

IV. Where the Action Is— The Active Site 



HP 
HP 
HP 
HP 
HP 
HP 
HP 
HP 
HP 

PP 

CHEMS 
CHEMS 
CHEMS 
.CHEMS 

PP 
PP 

PP 
PP 
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V. How Polyrfiers Make Polymers PR 

VI. Genes, Proteins and Mutations PP 
Part Four: Energy Capture and Growth 

I. Energy Capture PP 

II. Energy Consumption - Metabolism PP 

III Metabolism and Genes PP 
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CHEMISTRY OF LIVING MATTER 
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OPTIONAL 



Some Introduction to organic chemistry has been found to be helpful. 
Chapter 18 of Chem Study, Chapters 20 and 21 of Chemistry » A Modern Course , 
Smoot , Price, Barrett, or a comparable reference might be acceptable. 
There are some excellent paperbacks available. 



SUGGESTED READING 
Real ly indispensable : 

1 . Ardi tti , J. and A. Dunn, Experimental Plant Physiology - Experiments 

in Cellular and Plant Physiology , New York, Holt, Rinehart and 
Winston, 1969. Paperback - Excellent "how to" guide for the 
teacher. 

2. Readings from Scientific American, The Molecular Basis of Life - an 

Introduction to Molecular Biology , San Francisco, W. H. Freeman 
and Company, 1 968. Pape rback. 

Fine for background: 

3* Asimov, I., The Genetic Code , New York, New American Library, Inc., 
1962. Paperback. (S) 

4 . As i mov , I . , Life and Energy - An Introduction to the Physical and 

Chemical Basis of Modern Biology , New York, Bantam Bobks> 1965. 
Paperback. 

5. Bernhard, S. A., Structure and Functions of Enzymes , New York, W. A. 

Benjamin, Inc. 

6. Eliel, E. L. et al , Conformational Analysis , New York, John Wiley and 

Sons. Paperback. 

7. Geis, I., and R. E. Dickenson, Protein Structure in 3 D . Paperback. 

8. Lehninger, A. L., Bioenergetics , New York, W. A. Benjamin, Inc., 1965. 

9. McElroy and Swanson, Modern Cellular Biology , New Jersey, Prentice-Hall. 

(S) 
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10, McKusick, W,, Human Genetics . New'^ Jersey, Prentice-Hall, Paperback 

11- Sanderson, R, T,, Teaching Chemistry with Models , New York, Van 
Nost rand-Reinhol d Books, 

12, Watson, J, D,, Double Hel ix . New York, New American Library, Inc, 

1968, Paperback, 

13. Watson, J, D,, Mol ecular Biology of the Gene , New York, W,A- 

Benjamin , Inc. Paperback, 

lA, A Scientific American Book, The Physics and Chemistry of Life , 
New York, Simon and Schuster, 1955. Paperback (S) , 

15. Nomenclature of Organic Chemistry , New York, Plenum Publishing Corp 
Paperback, 

Suitable for use by student. 
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Chapter I ; MONOMERS AND HOW THEY ARE BUILT 
A.l WHAT YOU WILL BE DOING 

Your studies in Chemistry of Living Matter 
will be a start at looking into fundamental 
biological processes. You will read about and 
discuss molecular rearrangements and energy 
interchanges which are bi oprocesses. You will 
investigate these processes in two ways. Since 
the actual shape of a molecule is important, 
you will start by building molecular models. 
Then, you will do experiments involving the 
buildup, breakdown and energy transfer of 
these biomolecules. As much as possible, model 
building of similar molecules will go along 
with the lab exercises. In this way you will be 
able to study the interrelationship of struc- 
ture and reaction. 

A. 2 THE KIT Balloons may be used as 



For the model building section, you will 



demonstration aids and for 
hybrid oibitals. 



use the '^Framework Molecular Model'* kit. This 



kit will enable you to build a model with rea- 



No other inexpensive 
kit is as aoourate as this 
one. 



sonably accurate bond lengths, bond angles and 



bond thicknesses. At present no other type kit 



as accurately shows bond thickness, which is of 



some importance to molecular geometry. Per- 
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Copper wire may he 
substituted for the angu- 
lar fasteners in the kit. 
When you need extra ones, 
use AUG 12 Ga or any wire 
of 0.080 vn. diameter. 

Alternatively a sec- 
tion of tubing from the 
kit cut vertically into 
thirds yields flexible 
strips of the right diam- 
eter. 



haps your imagination will be taxed, since mo- 
lecular shape must be inferred. After you have 
used this kit for a while you should become 
proficient in recognizing 3~dimens ional rela- 
tionships. We will begin with simple models 
and will ultimately try some complex models 
that will require cooperation of several sets 
of lab partners. 

Open the kit. Put the enclosed 'nstruc- 
tion book aside. This booklet is for help in 
time of great need. Don't lose it. 

There are three depressions holding two 
types of metal parts: clusters and fasteners. 
In two depressions are lengths of plastic tub- 
ing. There is a shallow groove along one side 
that will be used for measuring tubing before 
it is cut. 



Hybridization as 
presented refers only to 
2nd period elements. 
Third and subsequent pe- 
riods involve d orbitals 
and are very complex (see 
Pau ling — The Nature of 
the Chemical Bond). 



A. 2. a METAL PARTS 

There are three kinds of multiarmed metal 
parts called clusters. Each different metal 
cluster is used to represent a certain type of 
bonding situation for an atom and not neces- 
sarily a specific element. Silver clusters 
have four arms and are used to indicate bond 
angles near 109^ ; brass clusters have f i ve 
arms and are used to indicate hybridized bond 
angles of 120®; the six arM»:> of the copper 
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cluster represent bond angles of 90^ * 

Recall from Chapter 17 of CHEMS that car- 
bon has the electron configuration 

When a carbon atom bonds with another atom, the 
carbon atom "promotes*" one 2s electron so that 
its configuration is 

Further, once promoted, the four valence orbit- 
als apparently "mix*^ to form four new identical 
orbitals. This process is caMed hybridization, 
and the resulting orbitals ar3 called sp^ hy- 
brids from a mix of one s and 3p orbitals. 

After this discussion the clusters will be 
referred to by co 1 o r , i.e., silver, brass or 
copper, or by type, such as 8p^ . 

A. 3 HYBRID ORBITALS 

A hybrid orbital differs from ordinary g 
and p orbitals in several ways. First, ordi- 
nary p orbitials are symmetrical about the nu- 
cleus, but hybrid orbitals are asymmetri c . 
(Figure A.l) Second, because they are asym- 
metric (and because these hybrid orbitals, just 
as any orbitals, are arranged in the lowest en- 
ergy configuration, i.e., as far apart as pos- 
sible), the actual arrangement of the orbitals 
in space is different for the hybrids than for 



Silver olu8tev8 repre^ 
8ent 8p^ hybridization. 



The de8ignation 8p 
identifie8 which orbital8 
are "mixed^ " one s_ and three 
£ orbital8. There fore ^ sp 
hybridization mean8 that an 
s_ and 2 £ orbitals hybridize y 
while the remaining p^ orbit- 
al i8 not involved. s£ 
hybridization indicates one 
£ and one £ orbital hy- 
bridize^ with the two other 
£ orbitals not involved. 




Figure A. 1 
A Hybrid Orbital 
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p orbitals. For example 3 hybrid sp orbitals 
will be arranged at 120** to each other In a 
plane, while 3p orbitals are at 90** to each 
other. Third, these orbitals are regions of 
much greater bonding tendency (as can be seen by 
their asymmetry) than s or p orbitals. In fact, 
hybridized bonds result in much greater stabil- 
ity for the molecule than would be predicted 
from p orbital bonding. 

Since the four sp3 hybrids of carbon are 
spaced as far apart from each other as are the 
arms of a tetrahedron, the angles between the 
bonds are 109** 28'. All sp3 hybrid orbitals 
have this angle between the four bonds. This 
angle is also close enough to represent the 

Water may he repre- 
sented OB an sp^ hybrid" bonds of oxygen in water and nitrogen in ammonia 
ization of oxygen. 

and alkyl amines. It is true, however, that most 

Electron promoti^^ 

precedes all hybridiza- frequent use of the silver cluster will be car- 

tion. 

bon atoms that form sp^ orbital bonds. 

Under certain bonding conditions, a carbon 

Remember that hybrid atom forms sp^ hybrid orbitals. "The sp^ hybrid 

orbitals are regions of 

high bond probability- orbitals are formed of one s and two p orbitals 

higher than ordinary 

orbitals. to make three equal hybrid orbitals. These 

• 

orbitals orient themselves 120** apart and all 
lie in the same plane. The non-hybridized p 
orbital is found at 90** to the plane of the sp^ 
hybrids. The brass cluster illustrates this kind 
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A.^ SINGLE BONDS 

Single covalent bonds which are linear and 
symmetrical about the bond axis between atoms 
are called or *'sigma*' bonds and are the 
covalent bonds that exist in molecules. Figure 
A. 2 shows two p orbitals overlapping to form a q 
a (sigma) bond. C-D is the bond axis; the dot- 
ted line above F identifies the center of the 
covalent bond. The distance from this center to 
the nucleus of atom A (dj) is the covalent bond 
radius of A. The distance along the bond axis 
from the center to the nucleus of atom B (d2) is 
Its covalent radius. Note that the dotted line 
at F is only meant to indicate the center of the 
a bond and not the halfway distance along the 
bond axis. In some cases this bond center may 
coincide with the halfway distance between the 
atoms, but it Is usually displaced toward one 
atcm of the pair. Displacement is toward the 
more electronegative element. 




Figure A./ 

It has been found that 
usfcUwMy the bond length for. 
the sirigli bond A-B Is, to 
within at>out 0.03 A, equal 
to the average of the bond 
lengths A-A and B-B. 



A. 5 DOUBLE BONDS 

2 * 

When sp hybridization occurs — let's say 

2 

between two carbon atoms—an sp hyl rid from 
each carbon overlaps to form a a bond, and the 
p orbitals that are at right angles to the plane 



Some teachevQ have found 
that coloring in the orbi-tal 
on the follcasing pages with 
ft It pens or colored pencils 
improves the pictures con- 
siderably. 
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Fig. A. 3 
Arrows represent hybrid ap* 
orbi tals 




Fig. A.^ 
Two sp^ hybrids form a 
bond between nuclei. 



At the exact same time (a 
bond omitted for clarity) 
distortions of p orbitals 
leads to overlap and share 
of electrons, 1 .e. , bond : 




of the hybrids can distort and form a new 

bond called a it (pi) bond. 

(Illustrations of the orbital overlap In 

the pi bond formation may be seen In Figures A. 3 
and A. 6) . 

Note that the tt bond Is Joined above and 
below the plane of the ap^ hybrids. This gives 
rigidity to this bond so the atoms are not free 
to turn on the axis of the a bond. This, of 
course, Is a double bond and is found between 
carbon atoms (C«C), between carbon and oxygen 
(C^), »<nd between carbon and nitrogen (C«^) • 
Since the forces holding two nuclei together in 
a double bond are greater than those of the 
single bond the nuclei are drawn closer to- 
gether, and thus the C-C covalent distance Is 
greater than the OC covaler.c distance. 
(Table A.l) 



Atomic Covalent Radii (A") 



Single Bond Radi i 



Fig. A. 5 
This double-armed bond is 
a pi (TT)bond. 

Since a single bar C-C represents 
a single covalent bondt double 
bars (C-C) and triple bars (C^C) 
represent double an i * ^ bonds 



single 0.77 


H 


0.30 


double 0.67 


F 


0.6't 


triple 0.60 


Si 


1.17 




P 


1. 10 


single 0.7'< 


S 


I.O't 


double 0.62 


CI 


1.00 


triple 0.55 


Br 


1.1't 




1 


1.33 


•■. 'ngle 0.7'* 






'Ouble 0.62 






•fiple n.55 







Table A. 




Figure A. 6 
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Bond strength: 

C-C 83 koal/mole 

100 kaal/mole 
C=C 123 kaal/mole 



Morrison and Boyd^ 
Organic Chemistri^^ Allyn 
and Bacon, 




Figure A. 7 
p orbitals which form tt bonds. 




Figure A. 8 
IT bonds formed 




Figure A. 9 
Another representation of the 
two 7T bonds In a triple bond. 



Although this Is a double bond, it is not a 
double TT bond but rather a strong a and a weaker 
TT bond with the result that the double bond is 
stronger than the single bond but not twice as 
St rong. 

A.6 TRIPLE BONDS 

The copper-colored fastener illustrates the 
third kind of hybridization of carbon. In this 
case hybridization involves one 6 and one p 
orbital, thus giving two hybrid orbitals while 
retaining two ordinary p orbitals. Since the 
hybrids are equivalent, they assume a linear 
configuration. The p orbitals form at right 
angles to the hybrids. The two non-bonded p 
orbitals are found at 90** to the ap orbitals 
and 90*" to each other. The triple bond of car- 
bon in acetylene HChCH is formed by a bond for- 
mation between ap hybrids and tt bonds between 
the four p orbitals left. 

There are two other fasteners. One is a 
linear pin that Is used to show bonds between 
unlike atoms and one an angular fastener that 
is used in building double and triple bonds. 

A. 7 PLASTIC TUBING 

Interatomic distances are measured in 
/Angstrom units, abbreviated A. One K is equal 
to 10"'° meters or 10"^ cm. We shall refer 
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to distances in X. In this kit the scale 
is 1 in. to I 

The plastic tubing is used to identify spe- 
cific atoms involved in bonding. This is done 
through a color key found in Table A. 2. 



The equivalence l in. ^ 
2^ is unfortunate but dio^ 
tated by the kit. 

Current usage is in nanometers: 

1 Kjnometer = Inm = 10 m. 

0 

Inm ~ 10 A. 



Color Coding of Atoms in Kit 


hydrogen -whi te 


bromine-orange 


carbon-black 


iodine-brown 


ni t rogen-bl ue 


si 1 icon-1 ight yel low 


oxygen- red 


phosphorus -violet 


fluorine-light green 


sul fur-dark yel low 


chlorine-dark green 


al 1 metals-qrey 



Table A. 2 

The length of the plastic tubing used indicates 
either the covalent radius of the atom or the 
van der Waals radius (the non-bond direction). 
You will recall that the van der Waals distance 
is usually the non-bonded distance of nearest 
approach of one atom to another. Lengths of 
covalent radii are given in Table A.l and 
lengths of van der Waals radii in Table A,3. 



See CHEMS Ch. 17 for van 
der Waala forces^ 

It is very important 
that the students under- 
stand that the plastia 
tubing represents elec- 
trons involved in bonding 
and the cluster represents 
the nucleus. 







van der 


Waals 


radi i 


in I 






N 


1 .50 


Sb 2.20 • 


Sc 


2.00 


F 


1.35 


2.15 


P 


1 .90 


0 


Te 


2.20 


CI 


1.80 




As 


2.00 


S 1 .85 


H 


1 .20 


Br 


1.95 





Table A. 3 



ERIC 



4r) 



17 



A precise decimal inch 
scale is to be found in the 
booklet which comes with 
each kit. 



A single-edge razor 
blace and a 3/4 x 4 x 4 
piece of pine do nicely for 
cutting tubing. 

A single length of 
black tubing 1.54 inches 
long is the equivalent 
length of two carbon co- 
valent radii joined^ i.e., 
one carbon" caxi>on covalent 
bond* 



Any covalent bond 
between like atoms is made 
by cutting tubing of the 
correct color to a length 
exactly equal to twice the 
covalent radius of the atom. 



All preprinted tubing 
should be measured to see 
that it is the length rep- 
resented or needed. 



The tubing is fastened to the metal clusters 
by sliding the tubing onto one of the arms of 
the cluster. Thus the color of the tubing on 
the cluster identifies the atom the cluster rep- 
resents . The length of the tubing represents 
the covalent or van der Waals radii. The posi- 
tion and size of an atom are clearly visible 
within the framework model of the molecule. 

A. 8 CONSTRUCTION OF BONDS 

Bonds between like atoms are cut from tub- 
ing of one color. The length of such a bond is 
twice the covalent radius of the atom. For ex- 
ample, the C-C (carbon - carbon) bond is 1,5^ 
A long, since the covalent radius >f C is 0.77 ^. 
Take a length of black tubing and as accurately 
as possible cut a piece to 1,5^ inches (remember 
that the scale is 1a » 1 inch, so 1.5^ A » 1,5^ 
in.) by using the scale on the kit. If you are 
satisfied that you've cut this piece to repre- 
sent 1,5^ ^1 mark it (with masking tape, etc) 
to use as a pattern to cut all other 1,5^ ^ 
pieces of black tubing. Now cut out 10 or 15 

pieces of 1,5^,^ black tubing for later use, 
, o 

Take a 1,5*» A piece and join two silver clusters 
together. You have a bare C-C bond. Set this 
aside for now. All other bonds between like 
atoms can be made by cutting the proper tubing 
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to the right length and joining the indicated 
clusters. 



A. 9 BONDS BETWEEN UNLIKE ATOMS 

As an example, the C-O bond is shown. This 
kit provides several lengths of colored tubing 
already correctly printed to show C-0 bonds. 

C 0 c 

C 



Figure A. 10 



CUT 



0 



CUT 



CUT 



This tubing, when cut, will yield C-0 bonds of 
the correct length. However, these are C-0 
single bonds, and C-0 double bonds will have to 
be built. The building of single bonds between 
atoms follows a regular procedure; only the 
length and color of the tubing change from one 
bond to the next. 



A. 9. a TO BUILD A C-0 BOND 



0.77 a 



0.7/4 fi 



+ CUD + 



COVALENT RADIUS LINEAR COVALENT RADIUS 
OF CARBON FASTENER OF OXYGEN 



ASSEMBLED 



C-0 BOND 



Figure A. 1 1 

Black-blue (C-N) tubing, like the C-0 tubing in 
Figure A. 10, is also included. Other bonds will 
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An N-H bond is represented 
by a length of tiding. Re- 
member to check on proper 
length. 



have to be constructed as you need them. 

This kit provides preprinted C-H, N-H and 
0-H bonds. These bonds are printed as in Figure 
A. 12. The tubing in Figure A. 12 is C-H bonding; 
however, N-H and o~H bonds are printed (and cut) 

C-H BOND 
/< 



T 



Figure A. 12 



in the same way, 



\ 



NUCLEUS OF THE HYDROGEN ATOM 



A. 10 ENOUGH TALK; LET'S BUILD MOLECULES 

We will start with methane--CH^. Take a 
si 1 ver(sp-') cl uste'- and four C-H bonds (cut as 
previously described). Slide the black end of 
each C-H bond all the way onto an arm of the 
cluster. Do thi'^ ' 3r all four C-H bonds. 

Next make water molecule. This model is 
made by aLtachiiig two 0-H bonds and two sections 
of red tubing (cut to van der Waals radius of 
oxygen) to an sp^ cluster. 

One can construct the hydronium Ion, H^O^ 
by removing one of the pieces of red tubing 
(which represents an unshared pair of electrons) 
and putting on an 0-H bond. 
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TETRAHEDRON 




FOUR C-H BONDS 



VAN DER WflflLS 
RADIUS OF 
METHANE 



+ 2 




COVflLENT RADIUS OF 
CARBON 



SP 



2 0-H 



2-0 (VAN DER WAALS) 



Figure A. ]k 



COVALENT RADIUS 
OF OXYGEN 



VAN DER WAALS 
}- RADIUS OF WATER 
AT HYDROGEN ATOM 




VAN DER WAALS 
RADIUS OF OXYGEN 



Figure A. 15 
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Let's make a more complicated molecule, a 
modil of methanol "CHjOH. 

To build this we will need 





BLACK RED 




RED 



WHITE 




TETRAHEDRON 
FOR CARBON 



C-0 BOND TETRAHEDRON (H^ 

FOR OXYGEN 




Figure A, J6 

Complete the model by adding C-H bonds to the 
carbon tetrahedron and two van der Waals lengths 
of oxygen (red) tubing to the oxygen tetrahedron. 

The unbonded electrons occupy a space rep- 
resented by the van der Waals length only when 
the unbonded electrons belong to a singly bonded 
atom. 

A. II WORDS ABOUT MOLECULES 

In point of fact, you now know how to make 
CH|^ models and how to make models containing O-'n 
and C-O-H groups. If you take the tetrahedra 
connected by black tubing which you constructed 
earlier and attach C-H bonds to tfie avi^i table 
arms you will have 
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H - C - C - H 

J \ 

which is CHjCH^ or C2Hg or ethane. As a matter 
of fact, you should now build several irodels of 
this series. Just remove a C-H bond from a tet- 
rahedron, add a C-C bond and finish the molecule 
by adding C-H bonds. As you do this, you'll note 
that when you add a new carbon, you will also 
add two new C-H bonds. An entire series of car- 
bon compounds called the alkanes is built in 
this way. The general formula of this group 
is ^Y^in-^l ^f^®" ^ any integer. 

After building several of the molecules in 
the series CH/^, Z^^^ C^Hg, C/.H^q, C^H^^ there 
are several things you should note. One Im- 
portant factor is that becouse of the 109** bond 
of carbon these molecules twist around and are 
far from linear. Another point is that there is 
more than one way to put Ci^HjQ together. In 
fact the greater the number of carbons, the more 
possible shapes there are. These different pos- 
sibilities are called isomers; they have the same 
emperical formula but are actually different com- 
pounds. A good example might be C2H5O, where 
one isomer Involves C-O-C bonds (an ether) and 



Allcane Series 
(Saturated Hydrocarbons) 



Fi rst Ten Members 


CH/^ - 


Methane 




Ethane 


C3H8 - 


Propane 




- Butane 


^5" 12 


- Pentane 




" Hexane 




- Heptane 


^8" 18 


- Octane 




- Nonane 


C,qH22 


- Decane 



Table A. 4 

See Fagea 26^37 for 
rules of nomenclature. 

Bond angle for sp is 
lOS'^ZB'. 



See pages zsa.b for 
FUNCTIONAL GBOUPS. 



51 



23 



In the Newman Projec- 
tion for ethane^ one car- 
bon is represented by 




the other by 

Y 

Looking along the C-C bond 
we hai)e 

AlsOy consult any recent 
book on conformational 
chemistry. 



another C-O-H bonds (an alcohol). 

You cannot twist the molecules too tightly 
together. Since the hydrogen atoms repel each 
other, they will stay as far away from one an- 
other as possible. For large molecules this can 
be a very complex situation. You also should 
note that some rotation about bonds is possible. 
While there is rotation about the bonds, it may 
be restricted by intramolecular repulsive forces. 
Make a model of C2Hg. Note that In one position 
the hydrogens are as close as possible while in 
another, where one end has rotated 60^, they are 
as far apart as possible. In ethane molecules 
3 kcal/mole are required to produce this rota- 
tion. Indicating or representing these carbon 
structures on paper is difficult. 

In the structures shown so far, covalent 
bonds are represented by a line between atoms. 
Another very important type of bond is the hydro- 
gen bond. This bond is not as strong as the co- 
vajent bond and results from hydrogen's ability 
to simultaneously bond to two atoms of 0, N or 
F. This simultaneous bond has two parts. One 
part is covalent; the other part Is electrostatic 

and is represented by a dashed line, 0-H 0. 

This bond is linear, as can be seen by building 
some water molecules and hydrogen-bonding sev- 
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eral together. 

What is ice? Why does ice float on water? 

A. 12 BUILDING MULTIPLE BONDS 

A carbon-carbon double bond occurs in the 
compound ethylene, CH2=CH2 or C2Hi^. To build 
double bonds correctly, we must be sure we work 
with double-bond distances, so check Table A, 1 
on page 13. Next we have to use the right bonds; 
8p clusters (brass) are used. Begin this con- 
struction by assembling the following: 

2 sp^ clusters (brass) 
k C-H bonds 

3 lengths tubing 1.3^ in. long 

4 lengths black tubing 1.5^ in. long 

k angle fasteners 
2 

The sp clusters have three prongs that lie in 
the same plane and are 120** apart. These prongs 
represent sp2 hybrid orbitals. Take one of the 
pieces of black tubing 1.3^ inches long and at- 
tach the two 8p^ clusters to the tubing by sp^ 
hybrid prongs. Now attach the four C-H bonds 
to the other sp^ prongs with the black end of 
the tubing on the prong. (See Figure A. 17 ~ 
exploded and Figure A.I8 - assembled.) 



The hydrogen bond is 
electro static. Bond 
strength is dependent on 
angle. A linear bond^ of 
course y is the strangest. 

Water hydrogen bonds 
to form crystals. If the 
students build a small 
water crystal^ they can 
see the expansion that 
takes place. 

To build a hydrogen 
bondy anj odd colored tub- 
ing will do. The length 
of a hydrogen bond is from 
2.6 R to 3.0 A for water. 



A C^C bond is cut from 
black tubing. Cut it twice 
the double bond covalent 
radius (from Table A.l)^ 
i.e^j in. long. 



Now attach the four lengths of tubing 

to the "unbonded*' prongs that represent p orblt- 
als. Your model should now look like this: 



H 




We will complete the model (and the ir bond) by 
taking two angle fasteners and sticking them 
into the ends of a piece of 1.3^ inch-long 
black tubing, then Joining this assembly to the 
open ends of two of the pieces of black tubing 
representing the p orbitals. Take the other 
two angle fasteners and the last piece of tub- 
ing (1.3^ In. long) and attach it to the other 
p orbitals. Thus you've completed the a bond, 
and your model should look like this: 

55 
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Figure A,20 

The reason you used 1.5^ inch- long tubing 
pieces on the axial p orbital is because the ac- 
tual 7T bond between carbon atoms is 3*08 K thick> 
and therefore this makes an accurate representa- 
tion of the molecule. 

When the tt orbital is complete, you will 
not be able to rotate the ends of your ethylene 
molecule as you could the ends of the ethane 
molecule. In fact, the double bond severely re- 
stricts any rotation in the actual molecule of 
ethylene. We usually assume such rotation does 
not happen. 
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Now let^s make a double bond between two 
unlike atoms, carbon and oxygen. In construct- 
ing a tt bond between r> carbon atom and an atom 
of oxyqen, the tt bond thickness at the oxygen 
atom Is represented by usir g tubing of twice 
the covalent radius of oxygen as the a>;al p 
orbital. For a C=^'^J bond double the covalent 
radius of nitrogen for the axial p orbital. In 
both cases the axial p orbital of carbon ^'i 1 1 
be 1.5^ % long. 

The simplest organi molecule that contains 
such a double bond is formaldehyde, structural 

u 

formula ^^C=0. You need the following: 
2 

2 sp clusters 

2 lengths black tubing (carbon) 1.5^ in. 

2 lengths red tubing (oxygen) 1.48 in. 

3 C=0 bonds from kit or black 0.67 in. 

+ red 0.62 in. 
2 C-H bonds 

2 lengths red tubing (oxygen) 0.7^ in. 

k angle fasteners 
If your kit contains C=0 bonds, then proceed as 
follows; if not, first construct three bonds of 
this type. 

Take one C=0 and attach an ap^ cluster 
(hybrid prongs) to each end. To the other 2 
hybrid prongs on the ca rbon (black) side, add 



Thickness of tt hand, is 
determined by x roj- or neu- 
tron diffraction. 
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the C-H bonds. Then add the two black 1.5^- inch 
lengths to the p orbital prongs on the carbon 
cluster. Join two angle fasteners to a C-0 bond 
and attach the whole thing to a pair of p arms, 
one black and one red. Remember to attach the 
black end of the C-0 bond to the black p bond. 
Nc3w add the other C»0 bond and put the two 0.7^- 
inch lengths of red tubing on the remaining hy- 
brid prongs of the oxyq:M atom. Thus you've 
completed the formaldehyde molecule, and it 
should look like Figure A. 21. 




H 

Figure A. 21 
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You used the van der Waals radius to model 
the unbonded electrons of the oxygen atoms in 
water. For the formaldehyde molecule you used 
the covalent radius because the carbon-oxygen 
double bond in effect ^'puHs^' or distorts the 
oxygen electron cloud. Also, using 1.48-inch 
red tubing for the oxygen end of the bond 
and 1.54-inch black for the carbon end should 
have indicated a certain strain on this double 
bond. 

The above points on distortion of the elec- 
tron clouds and strain should be kept in mind 
when building other double bonds. 

Remember that half of a covalent bond be- 
longs to one atom, the other half to the other 
atom, and use tubing and color correctly. The 
C=N bond is built just as the C=C and C=0 bonds, 
differing only In tubing colors. 

A more difficult model Is that of allene 
(I, 2 - propadiene). Allene has the general 
formula C3H4 and structurally is []>C=C=ci[]. 
Here we have one carbon atom, the middle one, 
double bonded to the other two carbon atoms. 
This means that the middle carbon atom is n 
bonded to each of the other carbons. Forming 
two n bonds is accomplished through sp hybrid- 
ization. In the kit this is represented by a 



Emphasize this point. 




Allene - exploded view 
Figure A. 22 
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Cyolopentane = 5 carbons in 
a ring. 



copper colored cluster. To build allene you 
will need: 

1 copper cluster (sp) 

2 brass clusters (sp^) 
6 C«C bonds 

k C-H bonds 

8 C-C bonds 

8 angle fasteners 

Begin by connecting the sp cluster to an sp^ 

cluster by a C»C bond (a bond). Now build the 

TT bond between these two. Next connect the 
2 

other sp cluster to the sp with a C=C bond and 
build the other tt bond. Complete the model by 
attaching the C-H bonds to the sp^ clusters. 

Another kind of multiple bond is the triple 
bona. In this case the carbon is sp hybridized, 
a a bond is formed between sp hybrids, and tt 
bonds are formed between p orbitals. Build 
C2H2 (acetylene) by using the sp clusters and 
the correct bond lengths from the table. 

A. 13 RING STRUCTURE 

One of the very interesting aspects of 
using this kit comes when we build ring struc" 
tures. The first ring structure to be built is 
cyclohexane . Hexane means six carbons and cy- 
clo means in a circle. (What would cyclopentane 
be?) Take six sp^ clusters and join them 
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Figure A. 23: Acetylene— exploded view 



together in a ring using l.J'i-inch sections of 
black tubing. You will note that there are two 
possible positions for this structure: 




/'CHAIR" "BOAT" 
Figure A. 2^1 

Try making cyclopentane . Note that this 
structure also is not flat. This bent kind of 
conformation is called ''puckering." 
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B. FUNCTIONAL GROUPS 

As you know by now, in the language of 
structural diagrams the bar (or line — ) repre- 
sents a bond; for exarnple 

H 

■ 

H 

is methane, a carbon atom bonded to four hydro- 
gen atoms. Some other useful conventions follow. 

B.I ALCOHOLS 

Consider this series of compounds: metha- 
nol (CH3OH), ethanol (CH3CH2OH) and propanol 
(CH3CH2CH2OH) . These compounds have In common 
the reactions of the -OH group. To discuss the 
reactivity of the -OH group we can usually ig- 
nore the specific carbon chain attached it. 
We ignore everything other than the -OH by using 
the catchall letter to stand for C2H5-, C3H7-, 
C/^Hg- and so on . 

B.2 OTHER REACTIVE GROUPS 

A comparable situation is found with 
H-Ce° or HJ - cf^ or - g - (^^^ 

All of these enter into basically similar reac- 
tions, due apparently to "C^^. 
Similarly 

" " ^^H' - CH3 - CH2 - C$§H 
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all seem to rely on -C^^OH 

as their source of reactivity. In other words, 

the molecule is reactFve at the site of these 

different groups. The groups mentioned together 

with others are called functional groups . 
See Table B. 1 . 

B.3 ALKYL RADICALS 

In section B.l reference was made to use of 
the symbol R to stand for a group of atoms at- 
tached to the reactive group. Examples of these 
are the alkyl radicals: 

CH^- is methyl as in 
CH3CI methyl chloride 

^2^5" ethyl as in 

C2H5OH ethyl alcohol 

C^Hy- is propyl and 

Ci^Hq- is butyl etc . 



Functional Groups 


R-OH 


a1 cohol s 


R - 


OH 


R-CHO 


a1 dehydes 


R - 


*»H 


R-COOH 


carboxyl ic acids 


R - 


.^0 
^ >0H 


R-O-R 


ethers 


R - 


0 - R 


R-CO-R 


ketones 


R - 


?-R 


R-COO-R 

U 

R-O-C-O-R 
R 


este rs 


R - 


^sQ - R 


acetals 


R - 


H 

0 - ^ - 0 - R 



Table B.) 
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Using the kit you should b w'd hX)dc o" 
all of the above structures for practice. 

B.k AMINES 

Later you will learn the Importance of cer- 
tain nitrogen compounds. Some of these include 
the amine functional group. 

"\ H H 

N-R N-H ^N- CH^CHo 

an amine ammonia ethyl am me 

B.5 MODELS OF REACTIONS 

Using the kit you can demonstrate not only 

molecules but also reactions. After building 

methyl alcohol and acetic acid, manipulate the 

models to show this reaction: 

0 0 

CH3OH + CH3C^ ^ CH^C''-' ^ H^O 

^OH ^ ^ 0 - CH3 

methyl ^ aceti c y methyl + water 
a 1 coho 1 acid acetate 

(an ester) 

Take the methyl acetate you have just made 
and "react" it with ammonia. 

0 0 



CHnC^ + NHo — > CHoC^ + CH.OH 

^ ^0 - CH3 ^ ^^^NK2 ^ 

methyl acetate + ammonia — >acetamide + methanol 



With the experience you've gained, you 
should be able to build any structure, given its 
structural formul a. 



64 



FUNCTIONAL GROUPS ■ NOHENCLATURE 



Type of 

Functional Group Compound lUPAC* Ending Example 1 UP AC Name Cownon Name 


1 

f alkane 
j (saturated 

1 hydrocarbon) 

1 


■ane 


j 

H-C 

H 


I 

-C-H 

H 


ethane 


ethane 


\ / 

/ s 


dlkene 
(olefin) 


9 

■ene 


H H 

\ / 

C-C 

✓ \ 

H H 


ethene 


ethylene 




alkyene 
(acetylenic) 


••yne 


H-C^C-H 


ethyne 


acetylene 


R-CH 


alcohol 
(hydroxyl) 


-ol 


H-C( 

HI 


•OH 


ethanol 


ethyl alcohol 


R-O-R 


ether 




H 

nil 

u 


H 

•0-C-H 

H 


methoxyethane 


methyl ethyl 
ether 


0 


aldehyde 


•a! 


\ 

H 

\ 


0 

// 
■C 

\ 
H 


ethanal 


acetaldehyde 


0 

F.-C-R 


ketone 


-cne 


H 

H-C- 

H 


I' 

C-|-H 

H 


propanone 


acetone 
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Functional Group 


Type of 
Compound 


lUPAC* Ending 


Example 


lUPAC Name 


Common Name 


0 
// 






H 0 






R-C 

\ 

OH 


carboxyllc 
acid 


■olc 


1\ 

M vl 1 


ethanoic acid 




H 

/ 






\il 






\ 


amine 


n m m 


V-C-H 


2-amlnoethane 


ethyl amine 


H 






H HH 







Table B.2 
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THE lUPAC SYSTEM OF NOMENCLATURE 

On the following page is a summary of basic lUPAC rules for naming compounds, 
It would pay to read through them and then go through the following examples, 
referring back to the rules as needed. 

mh 

(1) H-C-C-C-C-C-H 

nin 

Appl ication Ku\e If 

3: pent- 5 carbon atoms #1 

b: pentan- saturated chain (all #2 

single C-C bonds) 

c: pentanol ol -alcohol ending #2 

d: 2-pentanol ^3 

H H H H H H 

(2) H-c4-C-U-(!-H 

H-l-H H 

i 

a: hexa- 6 carbon atoms #1 

b: hexadiene 2 unsaturated bonds #2,6 

di»2 (two) 

c: I ,i4-hexadiene as opposed to 2,5 #3 

d: 3-rnethyl-l , ^-hexadiene methyl group on ff^i Ifk 

carbon 
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lUPAC RULES 



1) Using the longest continuous chain of carbon atoms (containing the function 
al group or groups) as the basis, name the compound as a derivative of inis 
parent hydrocarbon. (Table A.^, p. 2)) 

2) Use the appropriate ending to indicate the principal functional group pres- 
ent. (Table B.l, p. 3/^, Table B.2, p. 35b)This includes the unsaturalc^d 
hydrocarbon endings (-ene, -yne) . 

3) Number the basic carbon chain, starting at the end which will give the prin 
cipal functional group the smallest possible number. 

k) Name and locate by number all other substituents (other functional groups, 
atoms and carbon groups not part of the basic chain) attached to the long- 
est cont inuous chain . 

5) Substituents are listed alphabetically. 

The above rules represent the most basic and should suffice in naming the ma- 
jority of compounds you will run across. The following refer to more specific 
and less commonly occurring situations (some do occur fairly frequently though 
and you probably will encounter them occasionally)' 

6) Multiple, identical substituents are indicated by the appropriate prefix 
(di-, tri-, etc.) in front of its name and each is numbered. 

7) Cyclic compounds are indicated by the prefix cyclo- in front of the basic 
name. Numbering starts with a carbon bearing a substituent and proceeds 
in the direction which will make the sum of the numbers of other substit- 
uents the lowest possible. 

8) Complex substituents are themselves named by lUPAC rules, with this stipu- 
lation: that the carbon which is attached to the main chain is the number 
one carbon. To avoid ambiguity the substituent name may be placed in pa- 
rentheses. 
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Exercises for Home, Desk and Lab (HDL's) 

The first seven questions are based on the 
molecular models kit: 

(1) What tubing color represents oxygen? 
What tubing color represents carbon? 
What tubing color represents nitrogen? 
What tubing color represents hydrogen? 

(2) - Why cut tubing to 2x covalent radius? That 

is, why not cut covalent radii and join 
them? 

(3) In a C'O bond, why is part of the tubing 
black and the rest red in color? 

(A) Which metal part is ed in the represen- 
tation of a C-C bond? 

(5) What part of a metal cluster corresponds 
to the nucleus uf an atom? 

(6) Why do sp^ clusters havi^ k legs? 

(7) Why does a p orbital have cwo arms to 
represent it, while the hybrid orbitals 

. only have one? 

(8) Why isn't a double bond twice as strong as 
a single bond? 

(9) Why is the C«C bond distance less than 
that of the C-C bond? 

(10) Are the bonds as rigid as the clusters? 
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(1) red 
black 
blue 
white 

(2) Fewer outSy less time and 
models are stronger. 



( 3) Part of the tubing repre- 
sents the carbon atom 
(black) and the rest rep- 
resents the oxygen atom 
(red). 

(4) Silver cluster 

(t) Center of the cluster 



( 6) Each leg represents me or- 
bital of the four sp^ hy^ 
bride. 

(7) Ordinary orbitals are sym^ 
metrical thus two amedi 
hybrids are not and are 
represented by only one 
part of the orbital. 

(8) A double bond is not re- 

ally a 'double^ anything; 

actually a double bond is 

he sum of a a and a tt 
ond. 

(9) Thti force of multiple bondi 
on a nucleus is greater 
than that of single bonds. 

( 10) Not quite; almost, but 
not quite. 
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(11) For carbon^ all hy- 
brids are equivalent. 
If oxygen hybridizes 
to form sp hybrids J 
then six electrons 
fom four hybrids. 
Two of the hybrids 
must be ''filled;'' 
thus the four hybrids 
are not equivalent, 
and we might expect 
the bond angles to 
be different. 



(12) CH^pH 

(13) H U 



V 



H U H H 11 II H 
n H H H H H H 

H H H H H H H H 



Above are the sim- 
plest; a?iy isomers 
are satisfactory . 



(24) 



-m 



OH 



ov 



H U U 

"iff,-" 

H 



(15) a. H H 

h \ 

b. II IJ Jl 

n u II 



(11) In water the H-O-H bond angle Is about 
10^**. Can you think of a reason why this 
angle is not 109** 28' If the oxygen is 
really sp^ hybridized? 

(12) Methanol and methyl alcohol are names for 
the same organic compound. What is its 
fo rmul a? 

(13) The structural formula for propane is 
Draw structural formulas for 



butane, heptane, nonane and octane. 



(1^) The structural formula for ethanol is 



What is the structural formula 



H H 

I I 

H-C-C-OH 

I i 

H H 



for propanol? 
(15) What are the structural formulas for (a) 
methyl amine, (b) ethyl amine, and (c) 
propyl amine? 



H H H H 
H-t-t-t-N'i 
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N 

H H 



(16) Graphite is a material en ti rely composed 

2 

of carbon in the sp state. 

a. Draw a picture of a piece of the 
graphite molecular structure. 

b. Graphite is an isotropic material^ 
that is, its properties in one direc- 
tion through the material (electrical 
conductivity, heat conductivity, etc.) 
are very different from its properties 
in another dfrection. Explain why. 

(17) Water has an unusually high molar heat 
capacity (amount of heat needed to raise 
the temperature of one mole of water one 
degree) and boiling point. Knowing the 
elements in water and the kinds of bonds 
they form, explain these curious proper- 
ties . 

(18) Draw all of the condensed molecular struc- 
tures which fit the empirical formulas 

a. C^H]^ 

b. Ci4^'g 

c. C^HgO 



(16) a. Flat sheets of oar-- 
bon oovalently ar- 
ranged in hexagons. 

2?. Conduotanoe proper- 
ties in the plane 
of the oovalently 
bonded C atoms will 
differ (be larger) 
than vertical to 
this plane. 

Because one covalent 
sheet of atoms can slide 
easily relative to the 
sheets above and below 
its it makes a fine dry 
ltd)ri eating agent. 



(17) Both the high molar 
heat capacity and the 
high boiling point re- 
sult from the high de- 
gree of hydrogen bond- 
ing. Thus in order to 
stietantially increase 
the kinetic energy of 
liqw'd waters one must 
break many H bonds and 
to tear molecules free 
from this network (boil) 
one must break all H 
bonds. 
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(19) a. S^Methylbutanoic 
aaid 

b . 2'Methy Ibutanal 



(19) Apply the lUPAC naming system to the fol- 
lowing organic molecules, 
a. 



H 



■K-F- 



0-H 



H 



0. 2-Propcinone 
( acetone) 

d. 2 Aminoethanoic 
add (glycine or 
2-aim.noaaetio 
acid) 



d tl 0 
H 



H-TC-C-C-H 

h' \ 



d. H H 0 
\f W H 
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Chapter I I : SOME SIMPLE CARBON COMPOUNDS 
One of the simplest carbon compounds is 
methane, CH^^. We consider methane to be uncom- 
plicated because it contains relatively few at- 



oms, because it contains only one type of bond- 
Ing (sp ) and because the geometry of the bond- 
ing (tet rahedral) results in a nicely symmetrical 
molecule. Thus, with a low molecular weight (few 
atoms) and little intermolecul ar attraction (ab- 
sence of polar bonds, all atoms in the molecule 
have similar electronegativities, high degree of 
symmetry) it is not surprising that methane is 
gaseous under ordinary conditions. Indeed, meth- 
ane boils at -161 **C. (Compared with the rare 
gases: Argon [bp -189*", At. Wt. 4o], Krypton 
[bp -157*", At. Vt. methane with M,W. of 16 
has greater intermolecular forces of attraction 
than do the rare gases. Compared with simple 
molecules composed of elements with very differ- 
ent electronegativities, however, it is seen that 
methane's intermolecular forces are weak: HF 
[MW 20, bp +20**C]; NH^ [MW I7, bp -33"C].) While 
methar.a may be considered a simple molecule, the 
study o' methane and its derivatives could lead 
us up many broad avenues of science including 



One ohoeotive of this chap-- 
K^r is to drive home the 
thought that organic chemis- 
try impinges on our everyday 
lives in a very substantial 
way. Even the simplest organ- 
ic compomdj methane^ demon- . 
strates this. The lesson 
could be more elaborate by 
using examples such as com- 
mercial polymere and the nat- 
ural materials they have re- 
placed with considerable eco- 
nomic turmoil; medicines and 
increased longevity (the pop- 
lotion problem caused by im- 
proved drugs while alleviat- 
ed by better methods of con- 
traception) ; nerve gases and 
other organic chemical war- 
fare agents and the moral 
questions such as why is it 
allowable to kill with bombs 
but not with gas, and on. ... 
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chemical technology, biology and even economics, 
politics and other social sciences. 

A. ORIGINS OF METHANE 
A.l PRIMORDIAL METHANE 

The Russian biochemist A. I. Oparin in 1936 
postulated that the primordial atmosphere of the 
earth was mainly methane, ammonia, hydrogen and 
water vapor. Interestingly enough, methane, 
ammonia and hydrogen are probably present now in 
the atmospheres of Jupiter and Saturn. There is 
a reasonable basis for expecting methane to be 
a primordial gas. In the molten surface of the 
primordial earth the temperature was sufficient- 
ly high so that the carbon present was in the 
form of metal carbides. Direct chemical union of 
many metals with carbon to form metal carbides 
occurs at 2200**C and above. Some metal carbides, 
such as aluminum carbide, Ali^Cj, and beryllium 
carbide, Be2C, react with water to yield methane. 
Ali^Cj + 12 HjO-^ ^A1(0H)3 + 3CHi^. 
Thus, as the earth cooled and water vapor con- 
densed on the surface, conditions became suit- 
able for the production of methane. Calcium 
carbide yields acetylene with water: 
CaC2 + 2H20i Ca(0H)2 + HChCH 
Acetylene may react with hydrogen to pioduce 
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ethylene or may break apart, depending on tem- 
perature, to yield more methane. 
H-C=C-H + H2 H2C«CH2 
or 

HiC=C-H + 3H2 ^ 2CH^ 

The primordial methane is no longer in our 
atmosphere. Hurrayl Where is it? 
A. 2 METHANE OF BIOLOGICAL ORIGIN 

in a wide variety of oxygen-free envi ron- 
men^ a certain group of bacteria are capable 
of living and growing on energy derived from 
the reduction of carbon dioxide by hydrogen to 
form methane and water. The detailed mechanism, 
of how these anaerobic bacteria operate is not 
now known but is the subject of active research. 
These bacteria thrive in the sediment at the 
bottom of bodies of still water. The methane 
produced under these conditions is called marsh 
gas. \t) the rumen of cattle methane is pro- 
duced by the same reaction. Bloated cows belch 
methane! 

One of the purposes of sewage treatment is 
the removal of organic matter from water. Many 
sewage plants utilize anaerobic bacteria which 
convert the organic material to CO2 and methane. 
The overall process may be represented by the 
equat ion : 

•^6"l2°6 ^^2° bC02 + cCH|, 



The oojrbon is now in the fos- 
sil fuels oil and aoal^ in 
atmospheric CO2 and in the 
carbonate of sedimentary 
rocks. 



Evidence has been published 
that Me thanosarcina barkerii 
and Methanobacterium fornix ' 
oum^ two anaerobic soil bac- 
teria^ oxidize CO to COo in 
the absence of H2 or reduce 
CO directly to methane in 
the presence of (See 
Science Vol. 172, p. 1229 
(1971).} 
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In this case not only is organic matter removed 
from the water but in addition the methane is 
collected as a valuable by-product. 

Methane is often found In coal mines. In 
this case it is known as fire-damp and has been 
the cause of destructive fires and explosions. 
Some coal mines have had to be abandoned be- 
cause of the fire-damp. It is not certain that 
bacteria are responsible for fire-damp but they 
mdy be. 

A. 3 METHANE FROM PETROLEUM 

Petroleum is a mixture of hydrocarbons 
which has been trapped in certain geological 
formations. The proportior of the different 
possible hydrocarbons differs from one oil field 
to another or even from one well to the next 
within a single field. The most valuable mate- 
rial in crude petroleum is the niixture of hydro- 
carbons used for gasoline. These consist mainly 
of n-hexane and its isomers, (CgHj^), n-heptane 
and its isomers, (CyHjg), and n-octane and its 
isomers, (CgH|g). Simple distillation (refining) 
of cri'de oil yields a mixture with a boiling 
range r.f about kO^ to 225^ > which may be used as 
motor ^ ,1. The bulk of most crude oils does 
not distil! in this range and consists of hydro- 
carbons with molecular weights too high to be 
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useful as motor fuels. In order to increase the 
yield of gasoline the petroleum industry has 
developed methods for breaking down higher mole- 
cular weight hydrocarbons into hydrocarbons suit- 
able for motor fuel. This process is known as 
catalytic **cracking." Cracking may be caused 
by high temperature (600-800°C, thermal cracking). 
In both cases hydrocarbons are broken down into 
smaller fragments including, among other things, 
methane (CH^), hydrogen, ethane (H3C-CH3) , eth- 
ylene (H2C=CH2), propylene (CH3-CH=CH2) etc. 
Petroleum refineries with catalytic crackers are 
usually combined with petrochemical plants which 
use these by-products as starting materials. For 
instance, hydrogen is combined with nitrogen to 
produce ammonia. 
N2 + 3H2 ^ 2NH3 

Ethyl ene and propylene are polymerized to prO" 
duce polyethylene and polypropylene, respective- 
ly. Methane utilization will be discussed later. 

Crude petroleum contains methane and the 
other low molecular weight hydrocarbons which 
are gases at ordinary temoeratures. In addition 
to these dissolved gases, pockets of natural gas 
are often found trapped in the same rock forma- 
tion with petroleum and in direct contact with 
the crude oil. This gas is called associated 
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One could speculate on 
whether or not the outloD' 
ing of flaring forced the 
oil industry to develop 
iJie noj) highly profitcd?le 
petrochemical industry. 



natural gas. These gases are removed from the 
crude oiK In the p^ist they were simply burned 
at the oil field in a spectacular flame* This 
practice, known as flaring, has been outlav/ed 
in most of the United States but is still done 
in the Middle East and in Venezuela. 
A- 3. a PETROLEUM DERIVATIVE PRODUCTS 

These volatile hydrocarbons are now regard- 
ed as a valuable resource. The methane has 
many ,uses, which we will discuss. The others 
are used in several ways. For instance, by 
compressing them until they liquefy a useful 
product, liquefied petroleum gas (LPG), is ob- 
tained. Propane (CH3CH2CH2) and butane (CH3CH2 
CH2CH3) can be treated with a dehydrogenation 
catalyst and converted to olefins. 

Cat, T high temp. H 
CH3CH2CH3 > H2 + CH3-C-CH2 

P ropene 

Cat, high 
temp. 

CH2CH2CH2CH3 H2 + CH3-CH2-CH«CH2 

1 - butene 

further H H 

reaction | | 

CH3-CH2-CH«CH2 H2 + H2C«C-C«CH2 

1 ,3"butadiene 

Butadiene is polymerized to butyl rubber, a 

synthetic substitute for natural rubber. 

By oxidation of the various olefins avail- 
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able from the dehydrogenat ion process a vast 
variety ot oxygen-containing derivatives are 
produced. Included among the simplest of these 
are the following: 

CH3CH2-OH 



Ethyl alcohol 
Acetal dehyde 



Ethylene Oxide 



CH^C=:0 



H C-CHo 

L I 



Lthy\^ alcohol J isopivpyl 
alcoholj acetone and propyl- 
ene glycol are corrmon indus- 
trial solvents. Ethylene 
oxide is a sterilant as well 
as a chemical intermediate. 
Ethylene glycol is permanent 
antifreeze. 



Acetip acid 
Ethylene glycol 

I sop ropy 1 alcohol 



Propylene glycol 



CH3-C-0H 
HO-CH2-CH2-OH 



OH 
{ 

CHn-C-CH^ 

^ I 

H 

OH OH 



CH,-C-C-H 

3 I I 
H H 



II 



CH^-C-CH3 



Acetone 

How many of these products are you fa- 
miliar with? What are they used for? 

A petroleum refinery and petrochemical 
operation is necessarily a huge industrial plant 
w'th many interconnected processes. These plants 
are designed so r t the end products can be 
varied as the demand for them shifts. Th only 
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thing that is flxeJ i tlia> the starting mate- 
rial is always crude oil. If the supply of 
crude oil should fail the enit i re operation 
would screech to a halt. The technical prob- 
lems of stopping and restarting such a compli- 
cated operation are so formidable that great 
pains are taken to insure a continuous supply 
of crude oil. On more than a few occasions 
this has involved political deals and commit- 
ments at the international level. Another 
problem that may develop results from the fluc- 
tuations in the demand for th^ main product, 
gasoline. Sometimes the demand for many of the 
products may be high while the demand for gas- 
oline is low. It mav be economically sound 
under these conditions to keep operating while 
attempcing to sell more gas. Any "extra" gas 
that is sold must necessarily come out of the 
sales of some other oil company. In retalia- 
tion price cuts are implemented and prices wars 
develop. By restricting the price cuts to cer- 
tain geographic areas most of the available 
gasoline is being sold at normal prices and 
only the "extra" gasoline is being discounted. 
Eventually, in the geographic area of the 
price war, equilibrium is reestablished but at 
a lower price. Each company maintains 



8 4 



50 



Its share of the market and there is no advan- 
tage to continue the war. The price rises to 
the original level, everyone with foresight has 
a tank full of cheap gas and the company with 
the surplus gasoline looks for a new locality 
in which to cut prices and attempt to increase 
its share of the market. 
k.k NATURAL GAS 

The bulk of the methane now used comes from 
dry natural gas. This is natural gas trapped 
in rock formations that is not in contact with 
crude oil. The adjective **dry** distinguishes 
such gas from the volatile distillation product 
of crude oil (also mainly methane) which is 
known as **wet natural gas.'* Dry natural gas 
may be 60 to 90^ methane with nitrogen, carbon 
dioxide, water vapor, helium and other gases 
present. If the gas contain.s smelly sulfur 
compounds or a high proportion of CO2 it is 
called sour gas. These contaminants are re- 
moved (in part) before sour gas is used. The 
recovered sulfur constitutes an important source 
of this element. The recovery of the helium is 
economically feasible at a concentration as low 
as 0.3^. Most the world's supply of helium 
is obtained from natural gas found in the United 

*There are, of course, other reasons for gas wars 
as well, such as local competition. 



C^em Study Exp't #6 on the 
detemination jf the mole- 
cular weight of a gas may be 
used to determine the appai^ 
ent molecular weight of nat- 
ural gas. Be careful - mix- 
tures of natural gas and air 
are explosive! The presence 
of CO2 in natural gas may 
be demonstrated by bubbling 
natural gas through satu- 
rated calcium hydroxide solu- 
tion. 

Ca(0H)2aq + CO2 -> CaCOs^ -h H2O 
Don't let much gas escape. 
If the ppt. doesn't appear in 
a few minutes^ stop. The 
amount of CO2 in natural gas 
varies. 
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States. The U. S. Government has carried out a 
helium conservation program and maint^ained a 
he I i um research 1 aboratory for many years . The re 
is much fear now that these activities will be 
stopped for budgetary reasons. Once lost to the 
atmosphere, helium could not be recovered eco- 
nomi cal ly . 

The main use of natural gas is for energy. 
About one-third of th^ energy required in the 
U. S. comes from natural gas. The collection 
of the gas in the Southwest and in Alberta, Can- 
ada, uses about 60,000 miles of pipe lines. The 
high-pressure long-distance transmission of the 
gas uses 200,000 miles of pipe lines and the low- 
pressure distribution system accounts for 
^35*000 miles of pipe line. It is not surpris- 
ing that the natural gas industry start* d and 
waxed rich in the United States. The political 
stability uniformly encompassing an enormous area 
of land that included both the source and the 
consumer made *:he investment an attractive one. 
In Europe progress has been slower, but the need 
for energy is now breaking across political bor- 
ders. Perhaps this suggests that the need to 
solve the problems of survival may overcome the 
trivial obstacles as the survival problems be- 
come more acute. One highly imaginative approach 
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to the problem of supplying Europe's energy 
needs was implemented in 196^. This Involved 
building a liquefaction plant in Alger'a capable 
of liquefying methane (at -l6l*C., one atmos- 
phere pressure), several highly insulated tanker 
ships and a host of terminal facilities and 
insulated storage tanks. Approximately 
$200,000,000 was spent and the governments of 
Algeria, France and England were heavily involv- 
ed as were at least half a dozen international 
corporations. All the technical problems were 
solved and liquefied methane was shipped by 
boat from Africa to Western Europe. Just as the 
process proved itself, it was shown that a natu- 
ral gas field discovered in Holland was large 
enough (third largest in the world) to supply 
much of Europe's needs« Following this discov- 
ery, natural gas was discovered under the North See Aimvioan Seientist ^ Vol. 

53j No. 2 and No. 3^ 1965 
Sea. Western Europe's energy needs appear to be for an aooount of these 

events. 

satisfied for now. 

Meanwhile, back in the U. S., the picture 
is not quite so rosy. Demand for natural gas is 
soaring, reserves are falling and shortages 
developing. The gas producers claim that the 
Federal Power Commission, which regulates the 
prices on interstate shipments of gas, has set 
prices so low it doesn't pay to drill new wells. 
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Some critics of the industry claim that the pro- 
ducers may be blackmailing consumers for higher 
prices by hiding reserves. Prices will probably 
rise some, not enough to satisfy the producers, 
too much to satisfy the consumers and no one 
will be happy. (See the Wal 1 Street Journal , 
AprM 12, 1971.) 

B. UJJBlf^OF METHANE - - 

B. 1 ENERGY SOURCE 

The main use of methane is burning i j. n 
air (combustion). This reaction releases c.n^^ v ,v 
contained in the chemical bonds (potentia. ^n* - 
gy) and gives off heat, 
CH|^ + 2O2 ^ CO2 + 2H2O + Heat 
The heat produced is not only used to warm 
buildings, fry eggs anc heat bath water, A 
significant amount of elect'"Ic?ty is produced 
from methane by using the heat of this reaction 
to vaporize water t*^ • rive tt^bine generators. 
Since the only che.ic<al products (under ideal 
conditions) are carbon dioxide and water, this 
is an exceedingly clean fuel. 

The combustion of pure metnane unJer stand- 
ard conditions yields 212,8 ki localories/mole 
113.3 ki localor ies/gram) , Because of the impu-, 
rities (N2 and CO2) in natural gas, it jsually 
has a slightly lower standard heat of combustion 
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approximately 12.5 ki localories/gr-r^. 

Compared to other fuels nai'jrai gas is very 



efficient. 

Crude Oi 1 
G^sol ine 
Kerosene 
Coal 

Charcoal 
Wood 

Beech 

Oak 

Pine 



10.5 Kcal/gram 

11.5 Kcal /gram 

11.0 Kcal/gram 

6.8 Kcal/gram 

8. 1 Kcal/gram 

k.2 Kcal/gram 

^.0 Kcal/gram 

k.k Kcal/gram 



There are certain advantages (such as cost) 
in using less efficient fuels, but there are also 
significant disadvantages as well. 
B.2 CHEMICAL INTERMEDIATES 

Methane is the starting material for many 
important products. The simplest of these is 
plain old carbon. 

CARBON BLACK 

Man discovered at a relatively early point 
that f^ecoration was desirable and enhanced life. 
Pigaents used for this purpose were developed 
from "he materials available such as various 
plant pr - '-iCts and minerals. The first mate- 
rial used for blackening was probably charcoal 
ground to a fine powder. By the time of the 
Gree' civilization it was understood that a 
superior black pigment was obtained from the 
soot from burning pitch. This was the first 
carbon black. Fine particles of carbon, approx- 
imately 100 to '♦,000 K in diameter, are still 



Same class d'i ^cussion ov indi- 
vidual library research pr 
eats may be desirable an t'.e 
oomparison of fuels. Topics 
could incliA ^3 : 

St Hp Mining 

Air Pollution from bv -products 
such as fly ashj mercury^ COj 
sulfur coTipounds ^ oxides of 
nitrogen 

Water Pollution from scrubbing 
UfXiter used to miniruii^e air 
pollution 

Historically the de ^truction 
of enormous forests '^o make 
charcoal for ii*on reduction 

Energy needs for the future 



The formation of COn and 
Hr)0 from methane in a bun^-^n 
bwmer flame can be J^'"'on- 
strated using limewatt.r to 
test for C02* By limiting 
the amount of air to tine 
burner CO should form (I /»- 
haps Year I CO test can co..- 
firm its presence) as 'Jell uS 
carbon black (soot). 
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regarded highly - in the S. alone, more than 
two billion ^>ounds are produced annually. And 
a large share is produced from methane. Several 
processes are in use but they basically use the 
same chemical reaction, the thermal decomposi- 
tion of methane. 

CH^ + heat C + 
carbon 
black 

In one process methane is burned in a large 
chamber without enough oxygen to burn all the 
methane in the chamber. The heat generated by 
the rrrtchane that is burned causes the remaining 
methane to thermally decompose. In the second 
process an oven is heated by burning methane and 
then methane is admitted to the oven without 
oxygen and it undergoes the thermal decomposi- 
tion reaction. This cycle is repeated continu- 
ously. 

Most of the carbon black produced is used 
to strengthen rubber. Automobile and truck 
tires utilize as much as 30% of the carbon 
black produced. 

Black printing ink is made from carbon 
black and hydrocarbons such as mineral oil. The 
necessity for removing the carbon black from old 
newspapers before they can be reused as news- 
print is one of the drawbacks to extensive re- 
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cycling of newsprint • One newspaper, the Lou i s^ 
ville Courier Journal , has made an effort to re- 
cycle old newspapers. They find that the cost 
of collecting and deinking makes the recycled 
newsprint cost $3 more per ton than newsprint 
made directly from trees. The avoidance of solid 
waste disposal problems as well as the saving of 
trees might overweigh the otherwise unfavorable 
economics of the situation. 

Does your local newspaper use any recycled 
newsprint? One corporation^ Omark, which manu- 
factures chain L.av/s and other equipment used in 
the pulp wood industry, prints its reports to 
stockholders on recycled paper. This is a 
striking example of corporate morality. 
B.2.b METHANOL 

Methanol (methyl alcohol), the simplest al- 
cohol, CK^OH, used to be made industrially by 
decomposing wood. Hence, the common name for 
this substance is wood alcohol. Now most meth- 
anol is made indirectly from methane. The pro- 
cess involves several steps. We will discuss 
the steps separately. The last step is the re- 
duction of carbon monoxide with hydrogen: 

aoO-'^OO atm. pressure 

CO + 2H2 ^ CH3OH 

ZSO-^OO'^C 

Notice that the mole ratio of 2 moles hydrogen 
to one mole carbon monoxide balances the 
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reaction and there are no by-products formed. 
The real success of this process depends on a 
means of supplying the starting material In this 
ratio. As a first attempt the reactions of 
methane and water at high temperature were used: 

1) CHi^ + H2O ^ CO 

2) CH|^ + 2H2O ^ + 

These reactions, while useful, yield too 
much hydrogen for the amount of carbon monoxide 
produced and, in addition, afford the by-product 
C02- These difficulties were overcome by the use 
of a thi rd reaction: 

3) CO2 + H2 ^ CO + H2O 

The process is now carried out according to the 

following equation: 

high temp. & 

BCH^^ + CO2 + 2H2O ^ 1»C0 + 8H2 

pressure 

Note that the mole ratio of the two products 
fits the requirements of the methanol reaction 
perfectly^ 

The chemical plants used for methanol pro- 
duction are often built so that by changing the 
starting materials from hydrogen and carbon 
monoxide to hydrogen and nitrogen, ammonia may 
be produced instead of methanol. Nearly the 
same conditions are employed for both syntheses 
and this added versatility makes the investment 
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more attractive. 

Methanol production in the U. S.is now at 
an annual rate of nearly 500,000,000 gallons. 
About half of it is converted to formaldehyde 
by several processes: 

2H^C-0H + O2 ^C=0 + H^O 

catalyst H^^^ 
CH^-OH ^ + 
H 

Formaldehyde is used in making plastics, resins 
(for plywood for example) and as an intermediate 
for making still other intermediates. The meth- 
anol not used for formaldehyde production 
either is used as an industrial solvent, an 
intermediate In the production of plastics, a 
cheap antifreeze, fuel or in the synthesis of 
other intermediates. 
B,2.c OTHER CHEMICALS 

Methane is used as starting material for so 
many other chemicals we could not attempt to 
give an exhaustive discussion of them all. The 
following reactions should serve to demonstrate 
the scope of products derived from this '"sim- 
plest** organic compound. 

You should be able to find at least several 
uses for each of the products given. 
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1250^ 

2CHi^ H-C=C-H + 

r cety lene 

CH^ kS ^ CS2 + 2H2S 

carbon hydrogen 
disul fide sul fide 

CHi^ + CI2 CH3CI + HCl 
methyl chloride 

CH^ + 2CI2 CH2CI2 + 2HCL 

methylene chloride 

CH^ + 3CI2 CHCI3 + 3HC1 

ch 1 o ro f o rm 

CH^ + l»Cl2 CCll» + kHC\ 

• carbontetrachloride 

CH^ + NH3 + 1 .5 O2 HCN + 3H2O 
hydrogen cyanide 
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Cruipter III : POLYMERS OR STRINGING MONOMERS TOGETHER 



A.l BUILDING MODELS OF MONOMERS AND POLYMERS 

The i^K)U!cules which were discussed in Chap- 
ter I had nx)lecult3r weights ranqing from 16 for 
iniMh.iiu* 10 1^2 for deCiine. However, some wle- 
«.ules r).ivi' i>K)leculi)r weights as high as several 
billion. (See Table A.l) In living systems 
such molecules are formed by the joining togeth- 
er of juany small molecules in a repeating, chain- 
l»ke structure of great length. These are 
ca I I ed po I ynie rs - 



''Cia>.t Molecular'' H^:'rfr 
Mavk 

1057 02' Heprint No. 7 
*^Fi\?Uuns'' Ptiul Doty 



POLYMER SIZES 








Molecul ar 


Name 


Type 


Weight 


1 nsu 1 i n 


p rote in 


5.8x10^ 


hemoglob i n 


prote i n 


6.8xloJ 


^^gal ac tos i dase 


protein 


5.3x10^ 


myos in 


protein 


6,2x10^ 


E . CO 1 i 






ch roniosone 


ONA 


2,8xlO? 


transfer RNA 


RNA 


2.5x10 



Table A. I 

Construct two models of the amino acid 
0 

// 

glycine, H^N-CHj-C Glycine is bi funct ional 

OH 

because it has two functional groups, amine and 
carboxyl. Carboxyl groups can react with amines 
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// 0 H 

I H I 



H H 



Yes . 



Three amide bonds. 



Four glycine models. 



to form amides. 

0 H OH 

II \ II I 

P-C-OH + N-R R-C-N-R + H-O-H 

/ " 

H 

ca rboxy I i c 

acid amine amide 



water 



an amide bond 

Join the two glycine models forming an 
amide bond between them. The product is glycyl- 
glycine. Does the resulting amide model still 
have a free carboxyl and amine group? 

Join your amide model to your neighbor's 
model. How many amide bonds are represented in 
the resulting model? Does this model have any 
free amine or carboxyl groups? How many orig- 
inal glycine models are now involved in this 
polyami de model? 

Even though the amine and carboxyl groups 
of the original glycine models are part of amide 
bonds, the number of glycine models used to make 
the polyamide model can still be counted. 

The process of combining small molecules 
in a repeating fashion, as you did with glycine 
models, is known as polymerization. The small 
molecules are monomers. The resulting large 
molecule is a polymer. Each repeating unit in 
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the polymer is called a residue. 

Glycine is a member of a series of com- 
pounds, the ot amino acids which have the gener- 
al structure: 

NH2 H H 0 

I or wri tten \ | // 

R-C-COOH in another N-C-C 

I way / I \ 

H H R OH 

I 

For glycine H-C-COOH the R group represents -H; 

i 

for the amino acid alanine, R- represents -CHo: 

NHo 



HjC-C-COOH 



There are 20 amino acids commonly found in 
living material, each differing only in the com- 
position of the R group. Could you have a poly- 
amide composed of different monomer units? The 
amide bond is also known as the peptide bond. 
The terms are synonymous. Therefore, a polyamide 
is also known as a polypeptide. Proteins are 
polypeptides (polyamides) having amino acids as 
the monomers. 

It is also possible to have polyamides which 
do not have amino acids as monomers. If a dia- 
mine forms amide bonds with a dicarboxylic acid, 
then a polyamide will form. Nylon is an example. 



Yes J composed of amino 
acids; the atoms involved in 
forming the amide bond are 
identical in all 20 amino 
acids. 
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Format ion Of Nyl on 



0 0 

II li 
- (CH2)6 - NH2 + CI - C - (CH2)l, - C - CI 



HO 0 

I II II 
- (CH2), - N - C - (CH2)i, - C - CI + HCl 



+ H2N - (CH2)6 - NH2 



H 0 



0 H 



H2N 



II 



- (CH2)6 - N - C - (CH2)l, - C - N - (CH2)6 " NH2 + HCl 



0 0 

(I II 

+ CI - C - (CH2)i^ - C - CI 



H 0 
II 



H2N - (CH2)6 - N - C - (CH2)i4 - C 



H 

I 

N 



(CH2)6 



HO 0 

I II II 

N - C - (CH2)i4 - C - CI + HCl 



1 

1 

1 



H2N 



H /O OH 
II i 

(CH2)6 - N -I C - (CH2)i, - C - N - 



(CH2)6 - N i- C 

n 



- (CH2)i, - C - CI 
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A.l.a Experiment : PREPARATION OF A POLYAMIDE - 

NYLON 

Work as partners. One partner obtains 25 
ml of the dicarboxylic acid chloride solution in 
a dry 250 ml beaker while the other partner ob- 
tains 25 ml of the diamine solution in another 
250 ml beaker. Carefully pour the diamine so- 
lution down the slanted side of the dicarboxylic 
acid chloride beaker so that a layer of amine 
lies under a layer of acid. Using a stirring 
rod, carefully remove the glob of nylon; raise 
the polyamide as a rope of continuously forming 
polymer film to a length of 12 to 15 inches. 
Cut the polymer at the liquid surface. 
A. 2 PROTEINS, NUCLEIC ACIDS, CARBOHYDRATES 

Study of living systems has shown that 
there are three large polymers of nearly uni- 
versal occurrence: (1) protein (a polyamide), 
(2) nucleic acid (a polyphosphoester) and (3) 
carbohydrate (a polyacetal or a polyketal). 
Figures A.3> A. 4 and A. 5 show examples of these 
three polymers. Each of the types of bonds 
used to join the four types of monomers is 
shown in Figure A. 2, p. 65. 

Some chemistry of acetals and ketals, very 
important in carbohydrate chemistry, is outlined 
in Appendix A at the end of the chapter, page 81. 
The appendix will help in understanding 
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This preparation cannot 
proceed unless the diaoid is 
activated. Therefore the ac- 
tual reactants in this experi- 
ment are a diaoid chloride 
like adipoyl chloride or 
sebacoyl chloride and a 
diamine. 



CUC-(CH2)6-C - Cl 
adipoyl chloride 

g g 

CUC-(CH2) g-C-Cl 

sebacoyl chloride 

Adipoyl chloride - 5% vol-- 
ume/volume (v/v) 1 ml/20 ml 
in benzene* Hexamethyl- 
enediamine 5% water/volume 
(w/v) Ig in 18 ml solu- 
tion in water with 10 drops 
of 6M NaOH added to insure 
that the free amine is 
present and not amine salt - 

For weight/volime and vol- 
ume/volume solution^ the 
denominator volume is the 
finalj total volume of the 
solution. Numerator terms 
(w or v) are the correspond- 
ing measures of the pure 
solute. 
Solution 

E. g. a 5% (w/v) of NaCl is 
5 g of NaCl dissolved in 
water to a total volume of 
loo ml. 

Materials and Equipment 

(for one student) 

2 beakers (250 ml) 

1 stirring rod 

1 scissors for whole class 

5% (v/v) hexamethylene 

diamine in water (25 ml) 
5% (w/v) diaoid chloride in 

benzene (25 ml) 
There are solvent altema- 
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tives for the diaoid chlo- 
ride that may be more a- 
vailable and cheaper: pe^ 
troleidrrij ether^ ligroin 
(light naphtha) or gaso^ 
line. 



Figure A. 3 and the discussion of starch and 
eel 1 ulose. 



Type of Bond Between Monomers 

HO R 0 

\ / \ / 

c c 

A /\ 

R 0 r' 0 

\ \ 

R \R 

a. acetal bond b. ketal bond 



R-C 



\ 



0 

II 



R-O-P-O-R 

I 

NH- OH 
c. amide bond d. phosphoester bond 
Figure A,2 



These three polymers — protein, nucleic acid 
and carbohydrate — lead to an important general- 
ization. Monomeric residues of each biological 
polymer are linked by a specific type of coval- 
ent bond. Thus, those chemical or biological re- 
actions which depend upon the making or breaking 
of polymers depend upon the making or breaking of 
specific bond types. Knowing this is a great 
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aid in the study of living systems, because at- 
tention may be focused upon the specific bond 
type of interest to the investigator. 

The nature of the bond holding the monomers 
together is only one factor in the determination 
of biological activity. It is also possible to 
influence both the total shape and the biological 
activity of a polymer by changing the individual 
monomers in the chain. 

Following is an example in which the dif- 
ference in 1 inkage is important in determining 
biological acti vi ty : 

Starch (an a-^i-l* linked polymer of glucose) 



CH OH CH OH 

2 2 




67 

Cel lulose (a 6-l-^» linked polymer of glu 

cose) 



CH2OH H OH CH2OH 




The first polymer, starch, is readily digested 
by humans and is a staple in our diet. The sec- 
ond polymer, cellulose, is a primary constituent 
of hay, wood and paper. Cows and termites eat 
cellulose but depend upon certain microorganisms 
in their digestive tracts to digest the cellulose 
(break the polymer down into glucose monomers). 

An example where it is the difference in the 
1 inks (monomers) that determines biological ac- 
tivity follows: 

LACTOSE 




H OH CHjOH 

GALACTOSE GLUCOSE 

CELLOBIOSE 




What is the difference between these two 
structures? Humans digest lactose, a sugar 
found in milk, but cannot digest cellobiose, a 
plant sugar. 

In the case of starch, each monomer is a 
glucose molecule and thus each residue in the 
polyiiier Is Lhe same (see Figure A. 3) . However, 
for protein, in which each monomer is an amino 
acid, there are many different amino acid resi- 
dues composing the polymer (see Figure A.^). 

Nucleic acids are also polymers. As in 
proteins, monomers of the nucleic acid polymers 
are not all the same. (See Figure A. 5). The 
monomeric residues of nucleic acids are nucleo- 
tides (see Figure A.6) . A nucleotide is com- 
posed of a base bonded to either ribose or 
deoxyribose, bonded to phosphoric acid. RNA 
(Mbon^ucleic £cid) and DNA (deoxyribonucleic 
a^cid) are the nucleic acids containing the sug- 
ars ribose and deoxyribose respectively. The 
number of different bases involved in forming a 
given nucleic acid isolated from living cells is 
usually four — a much lower number than the 
twenty different amino acids composing protein. 

If a chain consisting of one hundred links 
or residues is imagined, it should be obvious 
that all chains with only one type of link 
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FOOTNOTE TO FIGURES A. 3,^^,5 

From your work with models you know that three dimensions are required to de- 
scribe molecules. In Figures A. 3,^,5 an attempt is made to depict three dimen- 
sions by use of darkened wedges. A wedge ,*aS^^^^^ ^ connecting two atoms 
means that the two atoms do not lie in the same plane. 



For example: 




C lies behind the plane of the paper. 

D lies in front of the plane of the paper. D 

A and B are in the same plane - the plane of the paper. (Two atoms joined by a 

heavy line E-F are both in a single plane in front of the plane of the paper.) 
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CARBOHYDRATE 
— A SUGAR RESIDUE-^l 




ACETAL BONDS 
Figure A. 3 



PROTEIN 



GLYC I NE RES I DUE 



SHADED AREA 
PLANAR 



PHENYLALANINE 
RESIDUE 

I /==> 



CYSTEINE RESIDUE 




FREE' ROTATION 



AMIDE BONDS 
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Figure A. A 
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NUCLEIC ACID 



\ 



RIBOSE-PHOSPHATE BACKBONE \ 



A NUCLEOTIDE 
RESIDUE 



PHOSPHOESTER BONOS 

V 




A NUCLEOTIDE 
RESIDUE 
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Figure A. 5 
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(rt^ldutt) «nd one typ« of I ink«9e thould t>e ldtn« 
tU4l. Thy$, 4 %t«rdK chain of 100 glucoM 
rt^lduT) thoiild b« idtniual to all other $i«rch 
chains of 100 glucose roidutl. Hon^vtr, « pro* 
ttin ch4in with diffaring amino add fa%ldu«% 
uugld Uad to an enormously larga numbar of dif* 
frrtnt chains. k\ an anampla^ a protain 100 
r«%idu«$ lunti cotnposad of 20 different avviino 
4^x6% coul<i havt 20'**^ different po%%ibU 

(vffi w^ittn '«jiti(>cir of dif ferent raftidue% 
\% , there is ^tlll the po%%lbMlty of an 

onorfnuuii nuN>rr of different poiiiibit ra%ldue 
irciuenct^. for aAampla, a nucleic acid tOO 
rr>ldua% long coinpo^ad of only k different nu- 
cleutldetk could have different po«%lble 

$«>guerict% . 

Polym*r« 100 re%ldue« long are big wie*- 
cules. One of the ea^iaibt May% to demonstrate 
polyrner slie in to UM porous meei»ranas. T«im> 
substancan, o«)e large and one small, will he 
l>l#<;ed in d mefnbranous bag. The pores In the 
b4y afo larf|r enough to allow the smaller sub" 
t»taiue in the solution to pass through the 
m^M^\^ but are small enough) to ratlin the 
Ur'jiKf siibstani.tf fhii mniy^ 4m Is said io b^ 
^wamip«Mhf4i»b le , li i r> t ei>abla of «»a|iara( Ing 
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^'2. a EMperim^nt : POLYHER SIZE 

Fill J 400 ml beaker dbout Ihree-tourths 
full with distilled water. Cut off a cn 
piece of dialysis tubing and put it into the 
distilled water to soak for several minutes to 
soften it. Securely tie off one end of the tube. 
Into the tube puur 10 ml each of salt and 
starch solutions and tie the top closed. Place 
the bag in the beaker of distilled water. 

Prepare two test tubes containing 2.S ml 
of starch solution and two more (est tubes con- 
taining 2.S ^1 of salt solution. Add several 
drops of 0.001 H iodine solution to one tube 
which contains salt. Repeat with a tube which 
contains starch. To the reniaining starch and 
salt tube^ add several drops of O.IH silver 
nitrate. lUicord your observations for each of 
thi» four tubes and save the tubes with their 
contents as staridards. 

Near the end of tiw period^ renove 5 '"I of 
w«itrr tfOffi (he header and divide it tiqually be" 
tween two test twbes. Add several drops of 
O.OUIH Iodine solutit^i to one tube aitd several 
•Jrgps of 0, IH silver nitrate solution to the 
Other tube. Observe and record your observe** 
Hons. 

1 1 I 



7^ 



Inctvuct atudi^Ktc to m:^ 
naaking tape to open the 
tubing. 

A good aeal ia neoeaaary 
t.(.> prevent the solution in- 
niiie from leaking out. The 
a feat Day io to tie tDo 
tight oDerhand knots in each 
end of the tube. 

Materiala and Equipment 

(for one student ) 
1 ml AgNOs (O.IM) 

1 ml 1 2 (O.OOm 

lb ml NaCl (O.IM) 

lb ml Koaher Starch 0.b% u/v 

1 beaker 400 ml 

1 dialyeia tube 45 am long 

4 teat tubee 13 x JOO fin 

Preparation o f Solutions 
It ia eaoential for the aua-^ 
aesB of the lab that the 
etarah be Kosher ataroh^ 
uhiah may be ^ urohaaed from 
moat arooery stores. This 
ataroh ia more aoluble and 
gii)ea a better blue color 
uith li' than lat)or<xtory 
^^uoluble starch. Ueigh out 
the ataroh^ adi Juat (mau^^h 
uater to make a paaU? r^yiJ 
Qork the paste until th^' 
atarch is thorr^ughly Jet, 
Add tjater and boil the 
atarah ^^solution^^ for one 
mi nut i*iHd to rcjom ti*m*^ 
parature Lt^fow u(Ung. ho 
aurtt to re friginraUi if 
at (mid btrffaww at(U*(^h itt 
roffidlu digiuUitd /,>j/ /i/V- 
hcnuf htiiftifrla, 1%' fina! 

Lij in thlti r[mi.'nt , 

:lt(j<fk lihjffw I'.iit lit I ( i',^ IM 

i'i>t(Uiiitwf\ //(/<' ' / 

iHi\t llU'd ynti^v fit / ' ' ntl 
to prtipur^- O.OOIM iu^!tif'>^n. 



75 



Tne soluble ion is f 3" . // 
stoppered, this solution 
may be stored for years. 

Salt particles must have 
passed out of the bag be^ 
cause the presence of the 
CL^ DOS indicated by the 
p2*e(Hpitatc formed when 
Ag'^ Doc added to water 
mmoved from the veaker. 

Z^" will pass through the 
po2\38 in the dialysis bag, 
turning the starch in the 
bag blue. 



At the beginning of the next day's class 
again remove 5 ml of water from the beaker and 
repeat the tests as in the preceding paragraph. 

Add several drops of O.OOIM iodine solution 
to the beaker containing the dialysis bag and 
let it stand for the rest of the period. What 
happens inside the bag? Explain your observa- 
tion. 

A. 3 A CLOSER LOOK AT SIZE 

ELemental analysis can be the basis of mo- 
lecular weight determination. If a chemical com- 
pound contains a known element, then the minimum 
molecular weight can be found by analyzing for 
the known element. An example 1$ ferrous ammoni- 
um sulfate Fe(NHif)2(S0i^)2 ' 6H2O. When the 
quantity of iron per gram of sample has been de-* 
t(!rmined» it is a simple matter to calculate the 
grams of sample per mole of Iron and thus the 
molecular weight of the sample. The resulting 
nolecular weight Is a minimum molecular weight 
rather than a true molecular weight because It 
1$ expressed on tho assumption of a single iron 
atom per molecule of sample (which Is true for 
ferrou<< dririonlum sulfate). The true molecular 
weight could b<i larger by any Integral factor^ 
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but it could not be smaller than the determined 
value. 

A. 3. a Experiment ; POLYMER SIZE - QUANTITATIVE 

Obtain 2 ml samples of ferrous ammonium sul- 
fate and hemoglobin solutions from your teacher 
in separate 250 ml beakers. Slowly add 5 ml of 
concentrated sulfuric acid to each beaker. Swirl 
until no particles remain (at least one minute). 
Add 28 ml of water to each beaker followed by 
10 ml of 3% hydrogen peroxide. Swirl until 
thoroughly mixed. Add a pinch of potassium 
persulfate> producing a clear, straw-colored so- 
lution, then add 5 ml of 3M potassium thiocyanate 
to each beaker. Filter the hemoglobin solution 
twice using two sheets of filter paper each time. 

Following the directions on page 77 for use 
of the spectrophotometer, a cal Ibratlon curve of 
absorbency vs moles of iron/ml is prepared for 
various dilutions of the ferrous ammonium sulfate 
thiocyanate solution. Dilute the dark red solu- 
tion with O.IM potassium thiocyanate (carefully 
record the amount of liquid added) until a spec- 
trophotomet rl c reading of less than O.7 absorb- 
ency Is obtained at k60 mm. Do at least two 
more dilutions for lower absorbency values, 
taking readings at each dilution. Plot absorb- 
ency on the vertical axis and moles of I ron/ml 



Materials and Equipment 
(for one student) 

2 beakers - 250 ml 
2 test tubes 23 x 100 mm 
1% w/v hemoglobin (2 ml) 
1% w/v Fe'{NH4)2(S04)2 . 

6H2O (2 ml) 
S% v/w hydrogen peroxide 

(20 ml) 
SM KSCN (10 ml) 
O.IM K5CS (SO ml) 
Potass iuM persulfate 

(K2S2OQ) 1 pinch 
Bausoh S Lonb Speatronic 20 
(one for the whole class) 
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(2) Assuming one iron 
atom per hemoglobin mole^ 
eulej the quotient obtain- 
ed in (i) is the minimum 
molecular weight. 

( 3) Equals the quotient 
from (1). 

(4) AfV hemoglobin 1.6 x 
10 J Handbook of Biochem- 
is try. If the hemoglobin 
solution is turbid because 
of improper or insuffi* 
dent filtering the ab- 
sorbency value will be too 
high and consequently the 
minimum molecular weight 
will be too low. In trial 
experiments the writers 
obtained a value of 5000 
with insufficient filter- 
ing and a value of 16^000 
when filtering was repeat- 
ed until a clear solution 
was obtained. 

These instructions are for 
a BauBch & Lomb Spectronic 
20. 



If any school does not 
have a spectrophotometer 
or colorimeter available^ 
then a serial dilution of 
Fe-SCN complex should be 
prepared. Simply match 
the Fe-SCN complex from 
hemoglobin to one of the 
tubes of the aerial dilu- 
tion. 



on the horizontal axis. 

By determining the absorbency of twice- 
filtered henx)globin solution, iroles/ml of iron 
in this solution can be read from the calibra- 
tion curve. From the grams of hemoglobin in 
solution and its total final volume calculate 
the grams of hemoglobin/ml. 

(1) Divide grams hemoglobin/ml by moles iron/ml 

(2) What assumption must you now make in order 
to obtain the minimum molecular weight for hemo- 

glo ? 

(3) What is the minimum molecular weight for 
hemoglobin? 

{k) How does your experimental value compare 
to literature values for minimum molecular 
wei ght? 

Students should get detailed instructions 
on the use of the spectrophotometer from the 
teacher. Brief ly» the general outline is as 
fol lows : 

(1) Turn on the instrument (left hand 
knob) and allow five minutes for warm-up. 

(2) Set the zero point (left hand knob) 
on the transmi ttance scale with nothing in the 
sample holder. 

(3) Fill one of the spectrophotometer 
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tubes with the solvent being used (to be called 
the blank) and insert this in the sample holder. 

{k) Turn the wave length control to ^80 
millimicrons and set the absorbency at zero with 
the light control (right hand knob). 

(5) Fill one of the spectrophotometer tubes 
with sample solution and read the absorbency on 
the meter. 

(6) Repeat step (5) with more or less con- 
centrated sample solutions until enough absorb- 
ency values have been collected to span the 
range from 0.1 to 0.7. 

Exercises for Home, Desk and Lab (HDL's) 

(1) Draw with structural formulas the reaction HO H H 0 



of two glycine molecules to produce glycyl- 



glycine. Show all atoms and bonds. Des- 



E H ^ Hi H OH 



ignate the amide bond. 




amide bond 



(2) 



Adipic acid is represented by the structur- 



( 2) a. TbJo 

b. Carboxyl (both) 



al formula 



HOOC-CH2-CH2-CH2-COOH 



a. 



How many functional groups are 



present? 



Name the functional group(s) . 



ERIC 



115 



79 



(3) H H H.H H H 

' i J, I ' I 
HpN'C-C- C- C- C- C-NHo 

I I I I I I 

H H H H H H 

(4) a. 0 

HOOC-CH2-CH2'CH2'CH2-^ 

H-N 

1 

H2N-CH2-CH2-CH2-CH.^-CH2-CH2 

b. Amide or peptide 
bond. 

(5) a. R-C-H 
b. R-(^-OH 



I I 

(6) a. -q-C- 

b. -C-C-OH 

I I 

. P 

c. -C-C-H 



d. Tuo 



(7) n 

(8) a. 

b. .h.\.\- 

c. -c-c=o 

d. Three 



OH 



(3) Draw the structural formula for 1, 6-dia- 
mi no hexane. 

{k) a. Draw the structural formula for the 
product of the chemical reaction be- 
tween adipic acid and 1, 6->diamino 
hexane. 

What is the type of bond that holds the 
monomers together? 

(5) Draw the functional group 

a. for an aldehyde; 

b. for an alcohol 

(6) Write the structural formula for: 

a. ethane 

b. ethanol 

c. ethanal 

d. How many carbon atoms are In each 
molecule? 

(7) What is the ketone functional group? 

(8) Write the structural formula for: 

a. propane 

b. propanol 

c. prcpanone 

d. How many carbon atoms are in each 
molecular formula? 
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(9) Write the equation for the chemical reac- 
tion between two nx)les of propanol and 
one of propanone, 

(.10) What distinguishes an acetal from a ketal 
f unct ional group? 

(11) Use your model kit to prepare the molecule 
formed in question (9). 

(12) Draw the' structural formula for phos- 
phoric acid. 

(13) Draw the functional group for: 

a. an acid 

b. an ester 

(lA) What feature distinguishes an acid from 
an ester? 

(15) a. Draw the methyl ester of phosphoric 

acid. 

b. What is the name of the -0-R bond in 
the molecule shown in (15) a? 

(16) Use your model kit and make the molecule 
i n p rob I em 15* 



(9) a 



on -h 2 C-C-C-OH-^ 

c 

c p-c-c-c 

C f H^O 

c v-c-c-c 

ClO) The Qorhon atom of the 
acetal has a hydrogen 
attached to itj where- 
as ihe ketal carbon atom 
is attached to carbon 
atoms only* 



(12) 



SO-P-OH 



H 

(12) a. COOH 

b. COOR 

(14) The -OH of the acid is 
veplaaed with an -OR 
in the eater. 



(25) a. 



HO-P-OH 
b-CH, 



b. Phosphoeeter bond 
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APPENDIX A 

Acetals are prepared from alcohols and aldehydes: 

H 
/ 

CH^-C^ + CH3-CH2-OH 
0 

ethanal ethanol 
(aldehyde) (alcohol) 

++ HCI 



c 

/\ 

CHj O-CH2-CH3 a hemlacetal 

+ CH3-CH2-OH 
++ HCI 
H 0-CH,-CHo 
HoO + X an acetal 

A 

CH3 0-CH2CH3 
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Ketals are prepared in the same way using alcohols and ketones: 



CH3 



+ CH3-CH2-OH 

CH3 
propanone 

(ketone) H HCl 

CH, OH 

a hemlketal 

CH3 O-CH2-CH3 
+ CH3-CH2-OH 
++ HCl 

CH3 O-CHo-CH, 

\/ ^ 
HyO C a ketal 

CH3 O-CH2-CH3 



The distinguishing feature of an acetal is the hydrogen attached to the former 
carbonyl carbon. A ketal has no hydrogen attached to this carbon. 

The most common biological instance of polyacetals involves the reactions of 
a hemi acetal with another hemi acetal. 




HEMIACETAL HEMIACETAL ACETAL 

(GLUCOSE) (GLUCOSE) (MALTOSE) 
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If the hydroxy) of the hemiacetal or hetniketal is on the same side of the ring 
as the last carbon (number 6 for hexose, number 5 for pentose), the configuration 
of the hemiacetal or hemiketal is called 5. 



CHjOH 



The opposite configuration is called o. 



CH„OH 



) 



jB configuration 



u 

J 



a CONFIGURATION 

OH 



The same convention is used for acetals and ketals, as well as for other 
functional groups. 
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Cha pter iV . POirMt^S !N 30 0^ Tm£ iHAPC OT T>ilNC!i ?0 Cr-^ 

A. FOLYHEP SHAPE 

The long diain-liP? n\>lcculr% thdt havr 
be«5ri discutised havv* specific thntj^-diwnvional 
shapes. It is eab> to imjgirxf po^^sititr w«y% of 
arranging u chairt in s|)ace : 4»lr<^tchcd liraifl^^t; 
coiled like a spring; rdndonly tdnyled; or nc^t- 
1> rolled into a sphere. The nupnber of pos- 
sible arrangevTicnts Js enormous. 

Factors which detcrcntne potyrBcr shapt are 
the possibilities of bonding betwcef> v&rloui 
portions of the ;>olyfTicr and the relationship 
between the polyiDcr and its envi ronnient . If 
bonding is a factor, then there will be a range 
of bond strengths. This range of bond strengths 
is given in Table A. 1 . 



telative Bond Strengths 



Type of 








k>nd 


Van der Waals 


Hydrogen 


Covalent 


Keal/mole 


1 


: 10 


100 



Table A.I 
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/^m^^. in^.^. 

hui\\ of Of m»t^ <K>I yp#pt J -^f^ <?SairiS 

^ ♦ ' (^'i^' Trr#t<«^<^l of h«U with |»tr*#nr i Io- 

(*iH) 9royp%. thutr^tkofs of |Ht tfUylfid* 

mmi of <N# prottfU mioUcwUi. Thl% U C#l IM 
Curling %H0 h«U. roMokvin^ CMflSfv^, 9^ 4UmI* 



H««r curling r»%i4l<% fro«i p^lrlnf diff^r^t 
tulfgr #coM« fom <hos« n^lcli Mirv |< In tN* 
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YYYYY YYYYY 

' ' \ '^ SM $H <, SH 

1 I I I I ► » 

AAAAA AAAAA 

rw i?!Hit Hi « PW:^< A Pfl»Tl<U.l» «tmiCfD HAIR p«oruN 

* i I it 



a^j;D HttiR PROTtJN wiTW l€U DlSULPiOt BONDS 



OklAin CMC %irm4% of loof, %tr«i{|^t hair. Afur Um^^ hard tkohi^t fhi 

urium mm %0U±U to 6om 
Wind %mtih %Xfm^ of hair aro^M • %x\fr%n^ up %Ath <i mom ^ff^otim tfjH 

rod. Mold tK* hair In plM» |h« ttirrSn) dnJ gfx^)hio dfmynstra^ 



rod «fith ruMwr bani^. W«ih th« hair by vl^or*^ 
aii%l|r ih* h4i ' MCKjn4 %t\rfff\q ro4 in • 

b««Mr of water. Thoroughly rini« thm 

hdir i^dvr ryMing «i«t«r. \mmr%9 »m rod of 
half In p<r m o> % oni lotion coniAlnod in « 

t«%l lwb«» l«MrrM th« other rod of hair in m 
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j4'K bond is /rvm T.fl to 

0 I t : 



equal volume of water In another test tube. Set 
th« two tube) aside for 15 minutes. After the 
IS^^inutc interval, remove the two hair^wrapped 
rods and rinse with running tap water until the 
odor of lotion cannot be smelled. **Neut ral i ze** 
(oxidize) the hair following the directions of 
the specific commercial product used. 
B. WEAKEK BONDS 
B.I H-BONDS BETWEEN BASES 

Weaker bonds, for example hydrogen bonds, 
were discussed in Chapter I of Chemistry of 
Li ving Matter and Chapter 17. CHEM Study. One 
important factor in determining the three-dimen* 
sional shape of nucleic acids is hydrogen bond* 
ing between bases. Two chains of nucleic acid 
polymers are held together by hydrogen bonding 
between bases. Construct models of the four 
bases of ONA: thymine, adenine, cytoslne and 
guanine. Can these bases hydrogen-bond to each 
other? Try it with models. 

The most stable arrangement would be the 
one with the «ost hydrogen bonds. Since there 
are four different bases, how many different 
hydrogen -bonded ..airs are possible? Which ar* 
rangements of base pairing would you predict to 
be rwst stable? Compare the sizes of the hydro* 
9en*bonded pairs in which you find maximut 
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H 

THYMINE (IN ONA) 

H 0 



CH. 



H 




H 



H 

URACIL (IN RNA) 

V 



BASES OF NUCLEIC ACIDS 




Y 

THESE BASES, EACH WITH ONE RING, 
ARE CALLED PYRIHI DINES. 




GUANINE 



V 

THESE TWO-RING BASES ARE 
CALLED PURINES. 



H 



Figure B. 1 

hydrogen bonding. Pairing of smaller with larger baaea are moat atdble, and 

they are ahoum vn Figurea 
gives a constant-sized pair. Refer to Figures B.2 and B.3. 

B.2 and B.3. 

If the purines and pyrimidines of two sepa- 
rate ONA chains are paired by hydrogen bonding 
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ODENINE ^'""^E 




Figure B.3 
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along their edges, as in Figure B.^, then the 
two DNA polymers would be held together. 




Figure B.4 

Two DNA chains joined in this fashion are 
called complementary chains. Every base in one 
chain must be joined by hydrogen bonding to its 
unique complementary base in the other chain. 
Thus DNA is double stranded rather than single 
stranded because of hydrogen-bonded base pairing. 
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Remember that AG = bLH-TLS 
where A// is the enthalpy of 
the system and A5 its en- 
tropy. AC^ the Gibbs free 
energy y is the maximum 
usable energy in the system. 
Also recall that ^G=0 for a 
system at equilibrium. For 
the system illustrated here 
it is true that in the proc- 
ess of hydrophobic bonding 
the increase in randomness 
more than offsets the heat 
required to melt the "ice- 
structures" surrounding 
hydrocarbons. That is to 
say that when = Aff-T 
^S<Oy hydrophobic bonding 
occurs spontaneously^ lead- 
ing to the equilibrium 
situation. 



The UNA backbone^ on the 
other handy is very soluble 
in water. The -OH groups 
on ribose and the charged 
phosphate groups both react 
strongly with water. 



B.2 HYDROPHOBIC BONDS BETWEEN BASES 

Until quite recently there has been a tend- 
ency to neglect the role of water in determining 
three-dimensional shape. The nitrogen and oxy- 
gen atoms of amide, acetal and phosphoester 
bonds can hydrogen-bond to water. However, 
there is another important role of polar water 
molecules. 

Insertion of hydrocarbons Into water has 
an organizing effect upon the surrounding water 
iDolecules. In effect an **ice sheath'* is formed 
around each hydrocarbon molecule, and the water 
molecules in these sheaths are not as free as 
those elsewhere in the solution. This leads to 
a decrease in randomness, thus an increase in 
usable energy of the system. If the hydrocarbon 
residues of polymers can fold upon themselves, 
decreasing the surface area exposed to water, 
then organization of the surrounding water is 
reduced. This leads to an Increase in random- 
ness of the water molecules, thus a decrease in 
usable energy; this is, of course, what happens. 
This process is called "hydrophobic bonding.** 

The purine and pyrimidine base residues in 
DNA are quite insoluble in water because their 
non-polar, large, flat sides will not hydrogen- 
bond even though they contain polar C=0 and 
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-NH2 groups on their edges. "Hydrophobic bond- 
ing" of DNA*s flat purine and pyrijnidine resi- 
dues would cause them to stack like playing 
cards. We would predict DNA would assume either 
a zigzag or helical conformation in order to fold 
up the backbone and bring the base residues close 
enough to stack. 



In thia respect the DNA struc- 
ture is ^'sdiizophrenicj " half 
hydrophobic and half hydro- 
philic^ and this is undoubt- 
edly very important in the 
final structure of the mole- 
cule. 



i 



HYDROCARBON 
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> 
< 
> 
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> 



HYDROCARE 




HYDROCARBON 



< 

> <1 



p. ^yAYA^AyAyA^A^^ 



HYDROPHOBIC BOND 



Figure B.5 - Hydrophobic Bond Formation. 
The triangles represent water molecules. As the 
hydrocarbon residues approach each other some of 
the water molecules are released from an ordered 
arrangement close to hydrocarbon to a more dis- 
ordered state in the solvent. 



In fact, DNA molecules have regular helical 
shapes (like a "slinky"). The stacked base 
pairs, which are all of equal size, require that 
the shape of a DNA m^>iecule be a r- ular helix. 
This means that the hs'i .atant diame- 

ter and a constant number o^ turns per unit 
length (constant pitch). 
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Figure B.6 



The Double Helix ^ J. D. 
Watson^ Signet Q 3770^ 
(1968). 



The preceding discussion on the shape of 
DNA is more elegantly and more powerfully pre- 
sented in the words of James D. Watson. For 
his description of his discovery of the DNA 
double helix structure see pages 111-112, 
The Double Hel ix (reprinted in the Feb. 1968 
Atlantic Monthly) . 
C. THE IMPORTANCE OF SHAPE 

There has been a continual emphasis in this 
section upon the importance of the three-dimen- 
sional shape of biological polymers. Despite 
the fact that structural determination of large 
molecules is difficult, the three-dimensional 
shape of several large molecules has been deter- 
mined. The three-dimensional representation of 
the protein lysozyme, taken from the Journal of 
Biological Chemistry , Volume 2^3, p. 166^, 1963, 
should be compared to the representation of the 
same molecule in Scientific American, November 
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1966, page 78. The deficiencies of such pic- 
tures are obvious, leading to the model-building 
activities of many people engaged in polymer 
research. 

The pictures of DNA in Scienti f ic American , 
October, 195^ (Crick), September, 1957 (Crick), 
and May, 1967 (Yanofsky), are irore adequate than 
the lysozyme pictures for visualizing structure 
because double-stranded DNA is more regular in 
its structural features. 

The idea of complementary base pairs can 
be expanded to the broader idea of complemen- 
tary surfaces. The idea of complementary sur- 
faces is important in understanding the 3-D 
shape of polymers. Weak forces are effective 
only when the interacting surfaces are close. 
This closeness is possible only when the molec- 
ular surfaces have complementary structures. 
For Instance a bump or a positive charge on the 
surface of an enzyme must be paired with a hole 
or negative charge on the substrate surface. 
Biochemists have used the phrases lock-and-key 
relationship or template relationship to de* 
scribe these complementary surfaces. We shall 
try to establish a connection between comple- 
mentary surfaces of biological polymers and 
biological activity. 



Hydrophobio bonding is 
extremely important in the 
etruQtuve of globular pro- 
teins such as lysozyme or 
hemoglobin. , Unfortunately 
pivteins lack the simple 
sequence regularities of DNA 
and it is extremely difficult 
— or impossible — to predict 
a priori exactly how such 
bonding will influence the 
resulting protein structure. 
However^ it is a rule of 
thumb among protein chemists 
that most globular proteins 
have a "grease-pit i.e. 
a cluster of hydrophobic 
amino acid residues which 
form the core of the struc- 
ture. 



While ionic (charge- 
charge) interactions de- 
crease as l/iTy the weak van 
der Wools forces decrease 
approximately as 1/r^; obvi- 
ously close proximity is re- 
quired for such interactions. 
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(1) HJ 
H-C-C-C-OH 

t « 

5 H 

H-q-c-n-OH 

H k b 

H H 

(2) Amide J phosphoester^ 
aoetaly ketal and 
disulfide, 

( 3) Hydrogen bond and 
hydrophobic bond. 

(4) Bonding possibilities 
between the various 
portions of a poly- 
mer and the relations- 
ship between the poly- 
mer and its environ-' 
ment are the factors 
which determine polymer 
shape. 

(5) Oxidation of sulfhydryl 
bonds on hair^ while 
curling^ produces new 
disulfide bonds which 
cross-link the protein 
of the hair when wound 
on the curler. 

(6) See text, 

(?) a. Purines adenine and 
guanine bond with 
pyrimidines thy- 
mine and cytosine 
respectively. 

b. (1) Adenine and 

thymine have 
hydrogen 
bonds. 
(2) Guanine and 
cytosine have 
three hydrogen 
bonds. 

c. A-T has hydrogen 
bonds beizjeen the 
N and 0 atoms and 
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Exercises for Home, Desk and Lab (HDL*s) 

(1) Draw the structural formula for two mole- 
cules of cysteine connected by the covalent 
disulfide bond. Then construct this mole- 
cule wi th your ki t. 

(2) Name five covalent bonds in biomolecular 
molecules. 

(3) Name two weak bonds that hold molecules 
together. 

(^) What factors determine polymer shape? 

(5) What role does oxidation play during treat- 
ment of hair with a permenent wave lotion? 

(6) Diagram the structure of the two purine 
bases and the three pyrimidine bases. Name 
each diagram. 

(7) a. Which purines pair with which pyrimid- 

ines? 

b. Identify the number of hydrogen bonds 
between each base pair. 

c. Hydrogen bonds exist between what two 
atoms in each base pair? 

(8) Hydrophobic bonding describes the situation 
which exists between hydrocarbons and their 
water environment. How is water organized 
in a sheath when hydrocarbons are placed 

in water? 

(9) What spatial arrangement would you predict 



for purines and pyri mi dines , knowing that 
such hydrocarbons undergo hydrophobic bond- 
ing in a watery environment such as the 
cell? 

(10) The DNA backbone is composed of linkages 
between what ^molecules? 

(11) Would one expect a single strand of DNA to 
form a helix or are both strands necessary? 
Provide the reason for your expectation. 
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N and N atom. G^C 
has hydrogen bonds 
between two sets of 
N and 0 atoms and one 
set of N and N atoms. 

( 8) When hydrocarbons are in-- 
serted into water the 
water is organized in a 
sheath around the non- 
polar portion of the hy- 
drocarbon since polar 
and nonpolar molecules 
are not compatible. 

(9) Hydrophobic bonding 
between the purines and 
pyrimidCnes flat sides 
(top and bottom) cause 
the bases to stack like 
picking cards. This 
stacking^ along with the 
phophodiester linkages 
in the baS<bone of DNA^ 
causes DNA to develop a 
helical conformation. 

(10) The mononucleotide units 
are linked together 
through phosphodiester 
bridges between the 
deoxyribose portions of 
successive nucleotides. 

(11) A single strand of DNA 
could possibly foifn a 
helix by itself because 
of the stacking due to 
hydrophobic bonding 
between the flat purine 
and pyrimidine residues 
and because of the fold- 
ing up of the backbone 
due to phosphodiester 
bridges. 
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CM»t<r TiH AaiOM l$--m 

All knoMi blolofllcjl c4C«lv«ti «r« proulnft 
<«ll«4 •A<y«lif. C«Ch antyii* c«t«ly««| • »p««lflc 
ctMMlMl r«(K.|lon that U n««4cJ by th« lUiitf 
orfMiiM. Th« Mat«ri«l an wti'ch th« •nryfli op«r> 
«U% ii c«ll«4 th« tubfttrat*. fntynct ar* ofttHt 
n«Mi4 by •4dln9 to ttm nmm of tb« «(*itrtt« 

frotoolytic oniyMot «ni thot* th«t dlQttt 
(br««k down Into Mine •cidt) othtr prototni. 
Th«»« «r« Midaipmad in tumtf, b«lng found in 
b««i«rla «nd hi«h«r plwitt m wtll m In th« 
di9«fttiv« «y«t««« of AninMiU Son* of th«M 
proiMlytU •njyRMt h«v« boon utoful In lndu«try 
«nd coMMorco, «nd • foM cro found In coNiMon 
hOMtoNold or kitchon Itooi*. Con yow think of 
•OM tuch I torn? 

A. lAI ACTlVlTICt WITH iNlYNlt 

A.I l«p«rliiwnt( fWTCOimC INZVHft 

Iring to cIm« iMploi of ony ccMMon product 
or food I torn iKhich you think nay eonttin pro- 
toolytic oniymot. h\ ooiy t««t for thoM on- 
iymo« U through thoir dlgottlon of golttin (th« 
protoln ui«d In goUtIn d«i««rii). For thlt 
toit you Mill u*« • lolutlon of goUiln which 
h«« •olldlfUd Into • J«lly. in thti J«lly, 
golotin molocuUi form"* thr«<i'(l(fwn»lo«iil 



ACTIM tlTC 



tmuatly tH0y vill digttt 
thmmtlvM tm y*ll ti» othsr 
prottim, §o that *oluticn» 
of proUtoljftio «»i%nff« oftmn 
ulll lo00 thfir aotivlty in 
a fmi haurt. 



:^tud»ne« akould aam up 
auidklf itith mat tandtr^ 
iMr wtd anaifm dtUirgmts, 
L§99 ebviotm yill ba auak 
tkitigt m mmytt or irnksU- 
^p9 dt§$art md pimA /VmA 
fMt9 at pimmmlt or ptpoh 
yeu Studtmta thould ba on* 
(XMtragtd to brinf amall 
itiPf 1m of tHoBO itam md 
imything oUo th»y yUh to 
to»t, o.g., §aHva and tha 
on^m uraaoo (to ba mad 
in a tuoaaadt^ oi^rimnt). 

Ot latin is a §olfSla form 
of oollagan'»a major protain 
oo^pemant in bonat and 
oartilagt. 



(for 0* 



cm §Uddmtr 
Oui to thtfm§ M latin p(<iUr#. 

ff0 latin in 60 to iOO ml of 
(wld yat0r, Add to thUi 
$00^»tO ml of boiling iMt^r 
iWid §i<r 4i§§olu0, Th0n 
iH§tHbut0 H to M ml 
\>olwm$ into HttU plmtio 
p^tH di$Puii0 (Shrnn tJurgioal 



Vortlmd) md allou 



iha»0 to ti0t at fwm t^mfmm^ 
turi^. You iiHi}utd ol^tain 
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liter of rK*'a*tn iK'luti^n. 



/>u HoUiS in tkir ffi. latif'i 
I laU^ at thia iM^nl i^uil 

i tiitn t.'rjiU^f^' 

mat Uni^ifHH*:it f'<4>cn'j 

or 4uhtil^ 
lain 

J rt Uilit t i «.'^ I I / J i 1 4' / « 
Ji4i0i» uind thti /^^i *r*i 

M»«^«i***w*iy i:etTr:ttMt rifrtrht rrM^r-.' A- t « 

(!i jr iOU 

^alutiim (I mi J 

U<' i lit I'c *h 

.'^iil^.^i iPi. J. i. ^/ X/ 

ji/f i.r* A Li *A ^ ^ t : i ^rfN r 

i$f,usfh La ht^ii^r fh^f^ l*iJ'' 

aifh^.'tc afur<^hf A^Lt 



inork with the M«ttr tr^Lp^rU in thU o€t«^rk» Any 
tn/yme th«t dl9t%ts gelatin will break iomts this 
rM»twork» thereby diiftolving the jelly. Try your 
iecnpleft of meet tendcrlxer, enzyme detergent, etc. 
Spot e fcsw greini of eech onto the lurfece of e 
geletin plete end edd e drop of weter to eech 
%pot. You should el%o try e drop of lelive end 
m\i other meterieU evelleble. Be sure to lebel 
the plete with vour neme end elto (on the beck) 
with the neme% end locetion of eei'li neteriel 
i^potted* l«t the plete «tend et room temperefure 
oi^trnighf. Then gent ly we%h the lurfece of the 
pletw sjndcrr tep weter end gent ly i^heke the weter 
off thti %grfece. Heve en> of your lemplei^ 
*'eetrn" hgleik In (he geletln? 
A. 7 CAprrlrtwtnt: SALIVA AMO ITS SUBSTRATE 

Collect e :^ne ml Mil Iter nellve ^e^>le ih e 
IJi^lOO te%t (U»e* Add one dr<>(» of titerch so* 
lutlcm (u the <i«llve end mi a the t#%t tube by 
^h4klny, '^ei the tube ettlde. After et lee%t 
(eh mlnufet). #dd orte drofi of Iodide siolution to 
ihr \m%\ tube t<Kiteintn^ lellve. ^heke the tube 
4fu) vrniMrm the color the cuiteht^ of Oie tube. 

Il«tpe«f the 4boye proteigre* c«ttlt(in<j the 
l«rt HiMw<« <iet4y (Ut^ord (he t;ulor uf thisi am* 
idMt of t ube . 

AtliI e piiinh uf Htttet tehder t/ftir to e 1)^100 
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enzyme. Don't cbell on oam* 
petitive inhibition^ when 
talking to etudents but raster 
0T ewphoBiMe the idea. After 
eeeing hcv ureaee aatalyzee 
the hydrolyeie of urea but not 
th\.ourea or aoetmCde ask if 
the etudente can explain the 
look of reaction in the lat^ 
ter tuo oaeee. Based on the 
film, their cptewere might be 
that the incorrect eubetrate 
oould not fit into the active 
eite or elee, once fitted in, 
the reaction could not take 
place. Aek them hou we might 
check theee two theories. If 
the eubetrate would fit into 
the active eite but not react 
to be hydrolyned, then 0iere 
would be no active eneyme in 
the thiowma or acetamide 
teet tubee (provided that an 
emeee of thiourea or acetam^ 
ide were used). If^ however, 
tite moleculee would not fit 
into the active eite, the pre^ 
eence of active ureaee ehauld 
be cqpchU of detection by the 
addition of urea to the teet 
tube. The ohenolphthalein in 
the teet twe would turn pink 
due to the liberation of am^ 
mania* 

In doing tubee U, e md 
7 you should do one at a time, 
i.e., add nothing to a tube 
until you are ready to follow 
the oomplete procedure. Start" 
ing with tube 06, add all in- 
grediente asked for in the 
protocol emept 1% urea, and 
let the tube reet for 2 ml" 
nutee. Then add the 1% urea 
and etart timing for the color 
change as you clad it. Follow 
this procedure for the other 
two tubee. You ehould eaapect 
tims9 of 2 minutee for 06, 10 
minuter for 06, <md 0.6 m/- 
nulee for 07. 'The inhibition 
U competitive rather than mm" 
comfmtiHve because the tubao 
will eventually (about JO 
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minutes) turn pink. 

Thus the active eite 
is not permanently blocked. 

The crucial 3-0 shape of 
urease is determined by 
hydrogen bonding^ van der 
Waals forces and^ most im- 
portantly, hydrophobic 
bonding. At temperatures 
between 60^ and 80^ hy-^ 
drophobic bonding is greatly 
wedkened because the in* 
creased thermal energy of 
the water prevents Hce 
sheath'' formation around 
hydrocarbon residues. This 
allows the protein to unfold 
without unfavorable energy 
changes. Upon return to 
room temperature, thexmody* 
namice favore refolding of 
the protein chain, but there 
are an enormous number of 
ways to fold which satisfy 
the thermodynamics. Conse* 
quently few, if any, enzyme 
molecules ever find their 
way back to the proper 
shape. This raises a very 
interesting point-^how pro* 
teins manage to fold correct^ 
ly in the first place, dur* 
ing their synthesis. Pro'^ 
tein chemists are still ar* 
guing over this point. 

Notes on Figure A. 2 (Fuma^ 
rase): This reaction was 
chosen for illustration be^ 
oauae it is one of the sim-- 
plest reactions catalyzed 
by an enzyme and therefore 
easiest to show schematic 
cally. The substrates fu^ 
marie acid and malic acid 
(for the reveres reaction) 
are given in the doubly 
charged anion foms (as 
these are the species present 
at the neutral pll where the 
enzyme functions). 
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mm test tube containing one milliliter of starch 
solution. After 10 minutes add 1 drop of iodine 
solution. Record any color that you observe* 
What are your conclusions? 
A. 3 PRELAB DISCUSSION 

The enzyme urease catalyzes the hydrolysis 
of urea. 

enzyme 

H2N - C - NHo + H^O > 2NHo + CO. 

H ^ ^ 

0 Urease 
urea water ammonia carbon 

dioxide 

Make models! 

The following will explore the question of 
how specific the enzyme urease is. Will urease 
catalyze the hydrolysis of molecules very simi- 
lar in structure to urea? 

Construct models of urea, thiourea and acet- 
ami de. 



H^N-C-NHo H^N-C-NHo HoN-C-CH^ 

// 1/ l\ ^ 

OS 0 

u rea th i ou rea ace tam i de 



A. 3 Experiment: SPECIFICITY OF UREASE 

Obtain five milliliters of urease solution 
from your instructor. Add one drop of phenol- 
phthalein Indicator to each of the four 13x100 
mm test tubes. Add one milliliter of \% urea 
solution to each of test tubes 1 and 2, contain-* 



100 

water and stir to form a paste. 
Add 95 ml of boiling water to 
the paste. Boil two minutes 
and use. 



Discussion 

1. Students will gener^ 
ally see no color after add- 
ing J^s . They will not usu- 
al ly see the red-brom of Iz" 
because the solution is too 
dilute. They will not usually 
see the blue or puxple of the 
starch -Ij" complex because 
their spit will hydrolyze the 
starch. However y there is 
always the rare student who 
will not have ptyalin in his 
spit. This rare student 
should be encouraged to try 
the experiment on another day 
to see if his condition is 
permanent or temporary. The 
usual cause is gum chewing. 

2. Without any delay 

to allow for enzymatic action 
the starch should be intact 
and therefore a blue or pur^ 
pie complex forms with the 

3. Tenderizer will not 
catalyze the hydrolysis of 
starch. The blue starch - 
Ij" complex will fom. 

4. Film: ^'Mechanism 
of an Organic Reaction" 
(CEEMS) 



Materials and Equipmsnt 
(for one student) 

7 test tubes 

(13 X 100 mm) 
3 droppers 

Phenolphthalein indicator 

solution 
Burner 

2% urea (w/v) (3 ml) 
Urease solution (S ml) 
4% thiourea (w/v) (2 ml) 
4% aoetamide (w/v) (2 nl) 
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Preparation of Urease Solu^ 
tion 

Allow 10 grama of Jack 
Bean Meal (Mathison - Cole^ 
man -r Bell) to soak in 500 
ml of 30% (v/v) ethanol for 
at least ten minutes. Fil^ 
ter the solution and use 
the urease solution within, 
one week if not refrigerate 
ed. Alternatively dis- 
solve 0.1 g of urease in 
500 ml of water. 

Discussion 

J. The pink color of 
basic (pH8-9) phenolphthal^ 
ein will appear for any 
substance generating am- 
monia. Because urea^ 
thiourea^ and acetamide are 
so similar in structure ^ 
the concept of complemen- 
tary surfaces on the enzyme 
urease should be strongly 
reinforced. Emphasize that 
the reaction is an hydrol- 
ysis and that the enzyme 
urease simply speeds the 
reaction. 

2. The urease is 
quickly denatured by heat- 
ing. Students haog not en-- 
countered ''denaturation" in 
this course. Discussion 
should be along the lines of 
destroying the complemen- 
tary surface of the enzyme 
by breaking the weak bonds 
maintaining the shape of 
the surface. Mention the 
obvious physical and chem- 
ical differences betioeen a 
raw and cooked egg. 

3. Film : "Bioahemi^ - 
and Molecular Struc- 
ture" (CHEMS) (excellent) 
Thio film is a necessary 
introduction to an extension 
of the experiment covering 
competitive inhibition of 



ing the indicator. To the third tube add one 
milliliter of k% thiourea solution and to the 
fourth add one milliliter of k% acetamide solu- 
tion. Set aside test tube No. 1 containing urea. 
Add ten drops of urease solution to each of the 
three remaining test tubes. All of this informa- 
tion is summarized in the Urease Protocol on the 
following page. Record any color changes that 
occur before the end of the laboratory period. 

Boil the remaining urease for ten minutes. 

•■ ^ '"\\ ... 

After cooling the urease solution to room tem- 
perature, add ten drops of it to test tube No. 1» 
containing urea. Record the color change. 

There seems lo be a very sensitive rela- 
tionship between the molecule hydrolyzed (urea) 
and the enzyme c alyzing the reaction (urease). 
Even the ro )t i jly mild exposure to a tempera- 
ture of 100** destroyed the catalyzing ability 
of urease. The following discussion of polymer 
shape may help explain this sensitive relation- 
ship. 

Supposing there is a complementary surface 
relationship between an enzyme and its substrate 
(the molecule undergoing reaction in the cata- 
lyzed reaction). Thus the enzyme Is to the sub- 
strate what a lock is to a key. There are locks 
which operate with many keys and locks which are 
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UREASE PROTOCOL 



Test tube 



reagent 




Specificity of urease 
> 



Phenolphthalein 


one 
drop 


one 
drop 


one 
drop 


one 
drop 


one 
drop 


one 
drop 


one 
drop 


\% urea 
solution 


1 ml 


1 ml 








drops 


drops 


drops 


k% thiourea 
sol ut ion 






1 ml 




1 ml 






k% acetamide 
solution 








1 ml 




1 ml 




urease 
sol ut ion 




10 

drops 


10 

drops 


10 

drops 


10 

drops 


10 

drops 


10 

drops 


boi led urea5(* 
sol ut i on 


10 

drops 














H2O 














1 ml 



Substrate competition 
< > 



Table A.I 

*Add this Ingredient last ; for each tube note and record the number of 
seconds elapsed from the time of this addition to the color change. 
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Figu re A. 1 
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The figure illustrates the reaction cataly7ed by fumarase. 
It should give an idea of the active site of this enzyme and 
how the substrates fumarate and water fit into the sctive site, 
reacting to give malate: 



H 



6 



I C~C=C-C 1 

;/ I V, 

D H 0 



(FUMflRATE) 



8 4- 



9 



/II " 



OHO 
H 



As indicated, the active site probably contains two srr^M 
charged cavities at the proper locations to specl^icailv 
into the active site. The imidazole rings (part of thc i. 
histidine) to the right and left are the parts of tiK^ .^c i m 
of the enzyme that catalyze the reaction, 

145 



0 



;^;S ( I ' ve ( y- 

'I') .jC t 'V 



]0k 



specific for one key. There are enzymes which 
catalyze many substrates and enzy/nes which are 
specific for the catalysis of one substrate. 
(See Figure A. 1) 

Experiment A. 3 showed that urease is spe- 
cific for urea, even though the shapes of thiou- 
rea and acetamide are similar. This indicates 
that the fit between enzyme , urease and sub- 
strate, urea, is a close specific fit. Virtual- 
ly every chemical reaction which occurs in living 
systems is catalyzed by a particular enzyme. 



Information on the involve^ 
ment of imidazole ringa ae 
welt 08 other amino add 
aide ahaina in the aatalytia 
prooeaa can be found in The 
Meahaniam of Enzyme Action 
by S. A. Bemhard (Benjamin 
Co. ) J an excellent paperback 
on enaymea. 



Exercises for Home, Desk and Lab (HDL's) 

(1) What do you call enzymes which break down 
themselves as well as other proteins? 

(2) Are all enzymes as specific In their be- 
havior as was the enzyme urease on urea? 
Explain* 

(3) What would you hypothesize was the effect 
of the heat exposure of 100^ C upon the 
enzyme urease? 



(2) Proteolytic enzymea 



(2) No J all enzymea are not 
neceaaarily aa apecific 
08 ureaae. There are 
acme enzymea which cat- 
alyze mamy avbatratea. 

(3) The effect of heat upon 
the enzyme urease waa to 
deatroy ita catalyaing 
ability. Thia may haoe 
reaulted because the 
temperature increaae waa 
able to break up the 
hydrophobic bonding^ 
which in turn deatroyed 
the three "dimenaional 
folding and thua the ac- 
tivity of the enzyme. 

Since the temper- 
ature change ia not Very 
greats one ahould ex- 
pect only the weakeat 
type of bond to be bro- 
ken in the enzyme. Once 
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the three-dimensional 
shape of a protein is 
destr^oyedy experiment 
has shorn that the en- 
zyme is not capable of 
reforming these week 
bonds and resuming their 
activity. 



(4) The ending of an enzyme (4) What ending is used to identify an enzyme 
is 'ase. ' 

when the name of the enzyme is written? 

(5) Active part (5) In a hydrolysis reaction does water act as 

a solvent only, a 'spectator' species only 
or does it play an active part? 

(6) No. Saliva catalyzes (6) Do you think saliva would hydrolyze ham- 
s torch to sugar. Urease 

catalyzes urea to NHg burger? Would urease? Why? 

and CO 2* Hamburger con- 
tains protein y which is 
made up of amino acids. 
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Chapter VI ; POLYMERS TO POLYMERS 
Research on living things was greatly speed- 
ed up when it became obvious that all different 
kinds ( • organisms are fur<1etfnental ly alike In 
their chemistry. For example the mechanism of 
protein synthesis In man is essentially the sane 
as it is in plants or bacteria. By studying bac-* 
terfa, which are easier to grow in the laboratory 
than plants or animals, it Is possible to learn 
much that can be applied to more complex oraan- 
isms. 

The enzyme-catalyzed reactions which cells 
carry out can be divided into three main types. 
First, there are reactions which convert food 
molecules into the various monomers—the 20 ami- 
no acids, the sugars and the sub-units of the 
nucleic acids. Second, there are the reactions 
which convert either light or chemical bond en- 
ergy into usable energy. This usable energy is 
then available to activate the nomomers. Third, 
there are the polymerization reactions: the 
activated monomers are linked together in the 
proper sequences to produce the polymers which 
make up the cell. A great deal is already known 
about the first topic, the breakdown of food 



HOTE: The fiimt experimnt 
in Chap. I, Energy Capture 
and Grout h^ requtrea that 
plants be atartad ahead* 
Plan a day t^o weeka chead 
to plant beana aocording to 
the inatrur-Hona in that lab. 
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Thia is the reaction: nylon 
monomere.L H is negative and 
ti S ia positive y or: 



Aspirin Synthesis Experiment 
(equipment for one student) 

6 test tubes (12x100 mm) 

1 bunsen burner with ring 
stand and wire gauze' 

1 250 ml beaker 

1% (w/v) salicylic acid 
solution in ly 4-diox- 
one (5 ml) 

1% (w/v) acetyl-sali- 
cylate solution in 1^ 
4-dioxane (2 ml) 

0.1% (w/v) Fed 2 solu- 
tion in (6 ml) 

Ventilating hood; three tef- 
lor -^^^cock blasts contain- 
ing u^tyl chloride y acetic 
anhydride and glacial acetic 
acid respectively. AlsOy eye- 



into small molecules. Less is Icnown about the 
polymerization reactions. Much remains to be 
discovered about the formation of usable energy. 
A. THE ACTIVATION PROBLEM 

In order to make the monomers of nylon pol- 
ymerize it was necessary to change one of them 
to a high energy form. The adipic acid was con- 
v<jrted to an activated form (adipoyl chloride) 
which reacted spontaneously with hexamethylene 
diar :re to give nylon and HCI. 

Nylon car \ k :onsidered to have more chemi- 
cal energy than an equivalent solution of its 
monomers. As a consequence nylon will react 
spontaneously with HjO to yield the monomers. 
This reaction, however, is extremely slow in 
the absence of a catalyst. 

Activation of one of the reactants is often 
required to make a reaction "go." When one of 
the reactants is a carboxylic acid the usual 
activated form in the laboratory is an acyl 
chloride; e.g. 



CH3 



0 

CH3-C 

acetic acid acetyl chloride 

(an acyl chloride) 

This functional group of an acyl chloride 

(-? ) contains more chemical energy than the 
XI 

carboxyl group. As a result acyl chlorides will 
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react vigorously with alcohols to form esters: 

R-C^ ♦ HO-R' — ♦ HCl 

CI 

or with atnines to form ynides: 

R-C ♦ HjN-R' ^ R-C ♦ HCl 

CI ^NH-R' 

Another activated form of carbrKylic ac!ds is 

the acid anhydride: 
0 Q 

M if 

CH,-C X-CH, 
3 3 

acetic anhydride 



A.I Experiment ; ASPIRIN SYNTHESIS 



Aspt rin 


nthesis Protocol 


Reagent 


Tube Number 
12 3*56 


Sal icyl Sc acid 

10 mg/ml in dioxane 


1 ml 




1 ml 


1 ml 


1 ml 


1 ml 


Acetyl sal icy 1 ic acid 
10 mg/ml in dioxane 




1 ml 










Acetyl chloride 






0.5ml 








Acetic anhydride 








O.SmI 


1 ml 




Glacial acetic acid 












1 ml 


Heat for ten minutes in boiling water bath before adding 


F«Cl3 


FeCl^j 1 mg/ml 
in water 


1 ml 


1 ml 


1 ml 


1 ml 


1 ml 


1 ml 



Table A.I 
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dropfmrt at torn omitral looa^ 
turn protfidt en 0cay uay to 
di»v4n»0 th0 9alioylio aaid, 
OMtjfl taliaylio aaiJ and 
FtC2g 90lution9. 

Vamina: Aottyl <3klorid$» 
glaoial emtio acid end am- 
tio onhydridt om ocm* hum*. 
If 9}f0'drapp0rt art uatd in- 
aUad of fcurttt, it it almott 
otrtain that a ttitdmt iHll 
i>« injured. 
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<ktc I pat t^jft 14 knitnvW, /iuir 

usxt^r at wutral ph' in 
spiu of their hi^ 'V;' 
<xmt^nt. This mans tk^zt 
tiwy hnll n^OL^t c^l^ in a 

c^/ cfourm^f jn iKjiafmnsci>^4' 
fTVf^quisit^' for a HI . 



^Hlgrlik ^nd Acrlh. r to mjk^ *r» f»\t0l, 

rilCrtyl i,*llicylic 4c <(iUh i% ijiniiJiMy <«IUd 

Mb\c for the pgrpU colur? In which tutHrik 
^iNpitin (jic^lyl %4llcyMt 4i aS) formal 

Cr I U product pulymrri,, %u<h s»t«rch 
proti^ih^ «>d rtu<l»ic 4cld% which aUo contain 
^)r^ chemical rntrgy th«n thrlr «K)oowitr%. Th«r«» 
foff!. in order to form polyft«>r% c«IU «u%t con- 
vtffrt fKinontt% into hi9Ntr rn#rgy d«»riv#tivrt 
which #rt C4lltd #ctivatt4 mononvrii. 

CclU 4ctlv«t« •«K^oii«r% in quite different 
mMy\ th4n doe^ the or^^nic cheihitt. One mMy \% 
to ettKh e photphete groyp to the molecule fo be 
polyieer iied. For enemiple, qIucom cm be ni^de 
to pclywriite to tterch if it it fif%t converted 
to 9l^C0%e*l*plKnp^ete. Ciacoie* l*pho%ph4te 
reect* rev«r»ibly *lth e %tefch etoiecule to fon» 
4 phoiphete ion jnd e tterch wiecule with one 
more glucc^te rei^^^e. The reaction 1% cetelyted 



no 



H 



I ' 

t 0 H 

\/" \/ 
/\T i/\ 

i — \ * 

H OM 



CH OH 



I 

• P-O 
I 

OH 



H C 0 H 



/\r 

OH ^- 
H 



1/ \o-P«o« 

OH 



•C 
I 

OH 



r«0$^H*tt (iiuCOS(.|.PNOSPNAT( ( iONI2(0 FORM) 

by 4»n tntym c«n*d photphory l«k<] «nd can b« 
Mri tt«n at fol loMt : 



PNOSPNORYLASE 




H OH H 

STARCH OR aiUCOSE (n 
Thit rtaction of activated nonoMcrt U raadHy 



NVDROfiEM PHOSPHATE 
I OH 



rtwtrftibic: a gluco«« ftub(»ii( can either b« 
aaded to or ranovad fron tha and of a ttarch 
■olacule. Uhathar the reaction goes in the di- 
rection of elongation or breekdoiat depends main- 
ly on the relative concentration of glucosc-l- 



K (STARCH) (HPO- ) 

• e * 

(GLUCOSE-l-PO^) (PRIMER) 
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ATP has tvo phoaphoHo anhy^ 
dride bondp. 

base 0 

ii 

O-P-O - P-0 - P~OH 

L 1. L 

sugar 0 0 0 



For m detailed infomation 
al^out ATP and its role in en- 
eiyy transfer J the teacher is 
referred to Watson^ The MoU 
eaular Biology of the Gene, 
BenQcttnn^ 1965^ Chapter 5; 
MoElroy and Suanson, Modem 
Cell BioloQu ^ Foundations of 
Biology Program^ Part 2, 
Prentioe-^Hallj Chapter 10 i 
Lehninger, A.j Bioenergety 
iosj Benjmin^ 1965^ Chap- 
ter 4. 

Have a demonstration model 
of ATP built. You aould 
request that the class build 
this using FMH kits. Make 
phosphorus tetrahedral (sp ). 

Materials and Equipment 
(for one student) 

4 test tubes (lOOxlSmm) 
1 spot plate, if avail- 
able 
1 beaker 

1 universal indicator 
paper 

Solutions: (for olass) 

(1) substrate solution I 
gluoose-l^phosphate 0.2 g 
glycogen \£rimer^ 0.2 g 
water 50 ml 

(2) substrate solution II 
glucose 0.2 g 
glycogen [prime rj 0.2 g 
water SO ml 
Dissolve the gluaose^l^ 
phosphate or glucose in 20 ml 
water. Using universal in^ 
dicator paper, adjust the pH 




phosphate and phospKate Ion. If gl ucose-1 -phos- 
phate is high and phosphate ion is low, starch 
is elongated; if phosphate ion is high and glu- 
cose- 1 -phosphate is low, then starch is broken 
down. How do cells activate glucose to glucose- 
1-phosphate? The answer is that they use a high 
energy organic phosphate compound whose name is 
usually abbreviated to ATP Adenosine jt^ri£hos- 
phate) . ATP is at a higher energy level so it 
can easily donate one of its phosphate groups to 
glucose. A large part of the metabolism of 
cells is devoted to the formation of ATP. This 
was referred to earlier as usable energy. 

A. 2 Experiment : THE SYNTHESIS AND BREAKDOWN 
OF STARCH BY PHOSPHORYLASE 

Place one ml of phosphorylase solution in 
a test tube labeled B (for boiled) and three ml 
of phosphorylase solution in a test tube labeled 
C (for cold). Place tube B in boiling water for 
ten minutes. 

Add 1.0 ml of solution containing glucose- 
l-phosphate and primer (a starch-like polymer 
which is too short to give a blue color with 
iodine) to each of four 13 x 100 mm test tubes. 
To a fifth tube add 1 ml of glucose and primer 
solution. The numbering of the tubes is given 
in the Phosphorylase Protocol (page II3). To 
the first tube add one ml of boiled phosphorylase 



solution B. To the second, third and fifth 
tubes add one ml of unboiled phosphory lase so- 
lution C. Add one ml of distilled water to the 
fourth tube. At zero time and at three minute 
intervals thereafter, test each reaction mixture 
for starch synthesis by adding a drop of iodine 
solution to a drop of reaction mixture on a spot 
plate. A blue color indicates the presence of 
starch. As soon as you have evidence of starch 
synthesis, carry out the following steps. First, 
add 1 ml of potassium phosphate solution to all 
test tubes and continue to test for starch. 
Next, inactivate the enzyme in tube 2 by placing 
the tube in a boiling water bath for 10 minutes. 
How do you explain the disappearance of starch 
in tube 3 but not in tube 2? Did you expect any 
starch to be formed in tube 5? 



1 12 

to 6.1-6.3 with HCl and dilute, 
to 25 ml with water. 

Dissolve the glycogen in 26 
ml water. Boilj filter and 
mix the glycogen solution 
with the glucose-l-phosphate 
(or glucose) solution. 

(3) phosphory lase solu-- 
tion 

Peel a small potato and cut 
it into mall cubes. Place 
these in a blender ^ add 40 ml 
of O.OIM sodium fluoride and 
homogenize for 30 seconds. 
The purpose of the sodium 
fluoride is to inhibit the 
potato enzyme phosphatase^ 
which would o-tixe^xwise hasten 
the hydrolysis of glucose-1- 
phosphate to glucose and 
phosphate. 

Filter the homogenate 
through a double layer of 
cheesecloth into a beaker. 
Squeeze out as much of the 
liquid as you can: Centri- 
fuge the suspension for 3 
minutesy then decant and keep 
the supernatant. Take a 
small portion of this extract 
and see that it tests nega-- 
tive to the iodine test for 
starch. This should be enough 
enzyme for the whole class 
and should retain its activ- 
ity for nearly a week if 
carefully refrigerated. The 
enzyme preparation is used 
full strength in the experi- 
ment. 

Because potatoes do con- 
tain some short-chain starch 
(primer) y it is not absolutely 
necessary to add primer in 
the experiment. However^ if 
glycogen (primer) is addedy 
then starch will appear in 
less than five minutes. If 
glycogen (primer) is not add- 
edy then it will be about 
fifteen minutes before starch 
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cppeca*8. Thus if lab time 
is short in your school^ 
add primer to the glucose-l- 
phosphate solution. If 
there is ample lab time in 
your school^ omit primer 
from the gluoose-l-phos- 
phate solution. 

(4) potassium phos'^ 
phate 

Make SO ml of 1 M potassium 
or sodium dihydrogenphos- 
phate (KH2PO. or NaH^04). 
Add 13.9 ml of 1 M sodium 
hydroxide. Dilute the mix- 
ture to 100 ml with water. 

(5) iodine solution 
Dissolve 1.5 g KI in 25 ml 
water. Add 0.3 g 1^; stir 
until dissolved. Dilute to 
150 ml with water. 

Starch disappeared from tube 
3 because the enzyme phos- 
phorylase catalyzed the 
phosphorolysis of starch by 
the excess phosphate ion. 
This is a simple example of 
LeChatelier's Principle. 

phosph^ry lose 
starch + ^ 

glucose-l-P 

Tube 2 did not catalyze this 
reaction because the enzyme 
phosphorylase had been in- 
activated by heat. 

The starch^I^ blue color 
is due to a clathrate com- 
plex (cage complex) in which 
a section of the helical 
starch molecule '^raps" 
around a string of iodine 
atoms. There is a minimum 
required length for the 
starch helix to give the 
blue color. A shorter 
length gives a red or pur- 
ple color. Shorter lengths 
than this give no color. 
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Reagent 




PHOSPHORYLASE PROTOCOL 



gl ucose-1 -phosphate 
and primer solution 



g1 ucose 
and primer 
sol ut ion 



boi )ed 

phosphorylase 
(B) 



1 ml 



I ml 



1 ml 



1 ml 



1 ml 



I ml 



phosphorylase 

(0 



1 ml 



1 ml 



1 ml 



Disti I led 
HjO 



I ml 



Test plate 
iodine 
sol uti on 



1 drop 



I drop 



I drop 



I drop 



1 drop 



Color 
observed 



Table A. 2 
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B. THE SEQUENCE PROBLEM OR HOW CELLS MAKE RNA 

(maoNucLEic acid) 

In Chapter II you saw that RNA is made of 
four different kinds of jnonomers linked together 
to form long chains. The monomers (residues) 
found in RNA include the bases adenine, guanine, 
cytosine and uracil (abbreviated A, G, C and U) • 

Remember that the monomer is the small mole- 
cule by itself and the residue is what is left 
of this when it is in the polymer. The struc- 
tures of these four bases as well as that of 
thymine, found in DNA, are shown in Figure B.l 
of Chapter IV. 

RNA molecules vary from 70 residues to over 
10,000 residues in length. Since each sequence 
of monomers gives a different RNA molecule, the 
number of possible RNA molecules is so vast as 
to be beyond comprehension. For example, there 
are four possible choices (bases) for each posi- 
tion in the sequence of an RNA molecule: For 
molecules four bases long there are, therefore, 
{k)^ or 256 possible different sequences. How 
many different sequences are possible for RNA 
molecules 10 bases long? This means that if the 
monomers of RNA were polymerized at random no 
two iTX>lecules of RNA could be expected to be 
alike. However cells do not produce random RNA 
molecules; rather they produce several thousand 




specific types of RNA molecules. Each kind of 
cell has its characteristic set of RNA mole- 
cules and it can produce many copies of each 
kind. 

Thus the cell is faced with two problems In 
synthesizing RNA. It must activate the monomers 
of RNA so that polymerization will be favored, 
and it must direct the sequence of polymeriza- 
tion so that the correct RNA molecules are 
formed. The first task requires ATP, which 
donates phosphate groups to the other monomers 
to form triphosphates. ATP is itself an acti- 
vated monomer of RNA, but its formation is an 
extremely complex process. 

base sugar 

I 

phosphate 



adenine — ribose 

phosphate 

adenosine mono£hosphate 
AMP 

® 



adenine — ribose 

I 

phosphate 

/ 

phosphate 

adenosine jdi phosphate 
ADP 
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adenine — ribose 
I 

phosphate 

phosphate 

phosphate 

adenosine ^ri£hosphate 
ATP 

The activation of the other monomers occurs 
by means of the following types of reactions. We 
w II se the activation of uridine monophosphate 
(UMP) as an example. 



1 . UMP + ATP ^ 



enzyme 



UDP + ADP 
enzyme 

2. UDP + ATP ^ ^ UTP + ADP 
Here U stands for the base-ribose combination, 
uraci l-ribose, called uridine. Thus the activa- 
tion of UMP requires the *'expendi ture" of two 
ATP*s. These ATP*s are replenished by means of 
the energy-capturing reactions of the cell. 

The second task requires a molecule which 
will align the monomers in proper sequence for 
polymerization. This molecule is DNA. A common 
term for this type of alignment device is tem- 
plate; DNA is a template molecule. 

The polymerization reaction may be expressed 
as follows: 



See Part IV^ Chapter I 
for a presentation of energy 
capture to form ATP. 



Dihydrogen pyrophosphate is- 

OH OH 
HO-P'-0-i>^OH 

formed by buffering action 
of cell medCum. 
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Uracil and thymine have 
the same base pairing r^.y^i^ 
ties. 



DNA (template) v ly^A + '♦n(P-P) 



GTP 

CTP [ RNA polymerase 
VUTP; 

where P-P stands for the inorganic ion, pyrophos- 
phate. The RNA formed has the same base sequence 
as one of the DNA strands except that the base 
uracil is substituted for the base thymine of 
DNA. Precisely how the enzyme RNA pol ymerasV'^ " ' 
and template DNA -cooperate to specify the RNA 
base sequence is not known. Almost certainly 
hydrogen bond base pairing between the incoming 
activated monomers and the template DNA strand 
is an essential factor. 




GROWING RMA CHAIN 



DNA TEMPLATE 
(ONE OF DNA STRANDS) 



Figure B. 
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C. THE SEQUENCE PROBLEM CONTINUED--HOW CELLS 
MAKE PROTEINS 

The character and individuality of cells 
arise from the protein molecules they are able 
to synthesize. As enzymes these molecules deter- 
mine the pattern of reactions the cell can carry 
out as well as the shape and size of cells 
(structural proteins and regulatory proteins). 
As you have seen, protein molecules can assume 
great varieties of shapes, depending primarily 
on their sequence of amino acids. Because of 
this, life itself has enormous diversity, versa- 
tility and adaptability. Proteins are the vehi- 
cles of expression of the hereditary traits. 

As in the case of RNA the number of differ- 
ent protein molecules possible is enormous, yet 
a given cell makes only a limited set of protein 
molecules. Again as in the case of RNA, the 
cell must both activate the amino acid monomers 
and polymerize the activated amino acids in prop- 
er sequence. This turns out to be a more complex 
process than the production of RNA. 

The amino acids are activated by attachment 
to a special type of RNA called transfer RNA or 
tRNA for short. There are about AO different 
tRNA molecules, each about 70 residues in length. 
Each tRNA can attach to one and only one amino 
acid. (Since there are only 20 different amino 
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Refer to Chapter III for 
moleoular shape ^ 

For clear useful color 
diagram of both protein 
synthesis and genetic proa- 
esses see: 

Time Magazine 

April 19s 1972 

section, on genetics 
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The attachment of an amino 
acid to its transfer EI^A 
goes in two steps: 

(1) Amino aoid-hATP-h ac- 
tivating enzyme > 

amino acid-AMP-enzyme-h 
or 

^ Q 

R-C-C + ATP + aottvat- 



OH 



HO 0 

I If ,1 



vng en- 
y.yme > 



M ^^p^O" ribos ade - 



OH 



mne-en- 
zyme+P^P 



(2) Amino acid-AMP-enzyme-f- 

tHNA > 

amino aoid'tRNA-en- 
zyme+AMP 

or 

H g 0 
II 

M2 O-P-O-ribose-ade- 
OH nine-en- 



zyme + 



tRNA ^AMP + 



HQ 0 

mi 2 O'^'O-tHNA" 

OH enzyrh 

Note activation of amino 
acid by anhydride formation. 



acids in proteins, sonie amino acids must have 
more than one corresponding tRNA.) The linking 
of a given amino acid to its tRNA requires ATP 
and a special enzyme. 

The sequence of amino acids in a protein 
is determined by the sequence of bases in an 
RNA template called messenger RNA or mRNA, You 
will remember that a DNA strand acts as a tem- 
plate for RNA by forming hydrogen bonds with the 
activated RNA monomers. However amino acids by 
themselves can't hydrogen-bond to DNA or RNA, 
Therefore, in order for mRNA to act as a tem- 
plate for amino acid polymerization it is neces- 
sary for the amino acids to be linked to adaptor 
molecules that can hydrogen-bond to the bases of 
the mRNA. This is precisely what the tRNA mole- 
cules do. When tRNA molecules linked to their 
amino acids align themselves on mRNA, the amino 
acids are brought close together, and since they 
are in an activated state they can polymerize 
(in the presence of an enzyme). Thus the tRNA 
has two roles: it Is an activator and it enables 
the base sequence of an mRNA noolecule to be 
"translated*' into the amino acid sequence of a 
protein molecule. 

What are the rules for this translation - 
in other words, what Is the "code" by which the 
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••sentences'* of mRNA are translated Into •'sen- 
tences'' embodied in the structure of proteins? 
In the past 10 years a great deal of work has 
been done on the coding problem, using isolated 
protein-synthesizing systems from many types of 
cells, tt has been possible to use chemically 
synthesized mRNA of Icnown base sequence to di- 
rect amino acid polymerization and then to ana-^ 
lyze the protein formed for its amino acid Se- 
quence. 

The genetic code is now completely cracked. 
It is a triplet code—that \s, It takes a se- 
quence of three consecutive nucleotides In the 
mRNA to specify one amino acid. In protein syn* 
thesis the mRNA is "read'^ three nucleotides at 
a time» starting from one end of the molecule and 
proceeding to the other without skips. Each 
triplet of nucleotides is called a codon. There 
are 64 possible codons--that is» there are 4^ 
(64) possible sequences of A, C and U taken 
three at a time. There are only 20 amino acids 
in proteins, and it turns out that several codons 
can specify the same amino acid. For examplei 
the amino acid glycine is specified by any one 
of the following codons: GCU, GCC| GCA, GCG. 
All but three of the 64 codons have been assigned 
to a specific amino acid. The remaining three 



The following are excel'- 
lent referenaea to the genets 
ic oode. 

Cold Spring Hcabor Symposim 
on Quantitative Biology^ 1966^ 
Vol. n. 

Soientifio Amrioan 
Ootooev 1982 
March 2963 
October 1966 
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codons are probably used to end a protein wle- 
cule; that is, they serve the leme pgrpo^e 4% 
e period does for e sentence. 

Since eech emino acid to be polymrixed is 
aligned on the mKNA, it follows that each kind 
of tKNA must have a specific **ant i *codon*'-«a 
sequence of bases which can hydrogen^bond to the 
codon of the mNNA. For exampla» If the codon on 
the mRNA is juu then the antlcodon on the tlWA 
is AAA. 

The mKNA and the various tfMA«-amlno #<id 
cofTibi nations are brought together In or on the 
ribosomes. P. -.omes are particles found In the 
cytoplasm of cells. (Sec Flgurt C,2j They are 
composed of RNA and protein, and It Is here that 
the actual polymer Uat ion of amino acids lake^ 
place. The process of procfin synthesis can be 
diagrammed as In Fl9ur« C.l. 
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GROUING Pf^TEiN 
MOLECULE 
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D. THE SEQUENCE PROBLEM COHPLETED OR THE 
HASTE R HOLECULE 

You have seen that the polymerization of 
amino acids Is not a random polymerization, be- 
cause the insertion of amino acid subunits is 
directed by the sequences of bases in mRNA. The 
polymerization of RNA, in turn, is controlled by 
the sequence of base pairs in DNA. Thus the 
structures of all proteins in the cell are con- 
trolled indirectly by the base pair sequence of 
DNA. 

When ONA is synthesized, where are the In-^ 
struct ions for its polymerization? The answer 
is: in the pre-existing ONA molecule. Thus DNA 
cofnbines two types of Instructions in Its base 
sequence--one for RNA and one for Its own repli- 
cation. It Is this dual role of ONA which makes 
it unique-'the master nrolecule. Because of the 
specific pairing that exists between the bases, 
tho two strands of DNA are cofnp laments of each 
other. This means that each strand of the double 
helix can act as a template for the synthesis of 
the other. 

A$ In the case of RNA synthesis^ DNA synthe- 
sis ritquircs activation of monomers to the tri- 
phosphate Ittvtil af)d the presence of a specific 
en/ymtt or enjfymes. Onit of the enzymes involved 
In DNA repi Icat Ion , called DNA polymerase, has 



See again: Time magazine * 
April 19j 1971. 



Aotnally UNA only contains 
one type of instruction or 
information^^name ly its se^ 
quenoe. This sequence is 
replicated into an RNA mole-- 
cute by one enzyme and into 
a new DNA molecule by anoth- 
er enzyme. Note: for EN A 
transcription only one of 
the two DNA strands is read, 
while both are read in making 
a DNA copy* 
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been obtained in pure form and used to study DNA 
replication in the test tube. Not all aspects 
of DNA replication have been worked out, but it 
is known that replication starts at one end of 
the molecule and proceeds to the other and that 
each of the two daughter nolecules consists of 
one old strand and one newly-synthesized strand* 
This is what would be expected if replication 
occurs as diagramiDed on the following page* 
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?.5 cm of DM would be around 
2 X 10^ base pairs in length. 
Assuming that most protein 
chains ai*e 500 amino acids 
in lengthj the figure of 
100,000 different proteins 
is obtained. 



Symbiosis is biological co- 
operation between tuo dif- 
ferent kinds of organisms. 



It turns out hat DNA molecules are the 
longest of the biopolyjDers. Probably each chro- 
mosome of the cell cpntains only one huge mole- 
cule of DNA. In the case of human chromosomes 
this means that single DNA molecules would be as 
much as 7.5 cm in length. Each such DNA molecule 
could code for up to 100,000 different proteins. 
E. MOLECULAR SYMBIOSIS 

The polymers of the cell interact in a way 
that might be described as symbiosis on the mole- 
cular level. Each kind of polymer contributes 
to the synthesis of the other kinds. DNA acts 
as a storehouse of information for the synthesis 
of the thousands of protein molecules of the 
cell; RNA serves as a part of the translation 
machinery; and the proteins themselves are the 
universal catalysts and building blocks of the 
cell. Without proteins, nucleic acids could not 
be synthesized. 
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Exercises for Horoe> Desk and Lab (HDL's) 

(1) In the polymerization of glucose to starch, 
the glucose first must be activated. What 
is the activated form of glucose? 

(2) In the formation of RNA what are the acti- 
vated monomers? 

(3) When amino acids are polymerized to proteins, 
how are the amino acid monomers activated? 

ik) Itemize the reagents needed by a cell to 
produce protein containing ten different 
amino acids. 



(5) What are the general types of reactions 
which are catalyzed by enzymes in cells? 

(6) a. What are two activated forms of acetic 
aci d? 

b. What is the structure of these two acti* 
vated forms? 

c. Write out two reactions which may occur 
with one of the activated forms. 



(1> GluQoae - J - phoa- 
phate 

(2) ATP OTP 
CTP UTP 

(3) With transfer RNA 

(tRNA) 

(4) Ten anino adds 

1 tBNA for each amino 

add (10) 
1 ATP to attach each 

tBNA to its amino 

acid (10) 
1 enzipne to catalyze 

each tRNA-ami-no acid 

attachment 
1 mHNA for template 
Emyms to polymerize 

the activated amino 

acids on template in 

RNA 

If we go back a step and 
make the UNA from which 
the RNA is formed^ the 
list becomes enormous • 

(5) a. Foods (polymers) are 

converted into monO" 
mers (amino acids). 

b. (^mical bond energy 
is used to activate 
monomer. 

c. Polymerization reac-^ 
tionsg linking the 
activated monomers 
in the proper se^ 
quence. 



(6) 



a. 



b. 



c. 



Acetyl chloride and 
acetic anhydride 
are two activated 
forms of acetic 
add. 

CI C 



CH3 



Poaaibilitiea: 

0 ^0 

an e>Jter 



y 0 0 

ai'C'i + liiiN'H-^ CUz-C^ -I'll CI 
CI NH'R 
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( 7) a. phoephoiy lose 

Z?. The starch polymer 
ie elongated if 
gluaoee - J - phoe^ 
phate ion oonaen^ 
tration ie high and 
phosphate ion con^ 
oentration ie lou* 

a. If the phoephate 
ion concentration 
ie high and glu- 
coee - J - pho3^ 
phate ie lou), then 
e torch ie broken 
dom. 

(8) The cell must activate 
the monomere of RNA eo 
that polymerization 
will be favored, and it 
must direct the eeqmnoe 
of polymerization eo 
that the correct RNA 
moleculee are fomed. 

(9) DNA 

(10) RNA differs from DNA in 
that the pyrimidine, 
uracil, hoe replaced 
the pyrimidine thymine* 
In addition, RNA ie based 
upon riboee (a pentoee 
eugar) while DNA ie based 
upon desoxyribose. 

(11) The sequence of amino 
acids in a protein is 
determined by the se- 
quence of bases in an 
RNA template called 
messenger RNA, labelled 
mRNA. 

(12) DNA combines two types 
of instructions in its 
base aequence'-^one for 
RNA and thus proteins 
and one for its own 
replication* 

(13) In or on ribosomes. 



(7) Cells may activate the jnonomer glucose by 
adding a phosphate group. 

a. What enzyme polymerizes the activated 
monomer Into the glucose^ primer? 

b. Under what conditions does the reaction 
proceed to elongate the primer? 

c. Under what condition does the reaction 
proceed to shorten the elongated 
polymer? 

(8) What are two problems a cell Is faced with 
in synthesizing RNA? 



(9) What is the template molecule for RNA? 

(10) In what way does RNA differ from DNA? 

(11) How is the sequence of amino acids In a 
protein determined? 

(12) DNA in its unique role as a master iDole- 
cule carries two types of instructions for 
the molecules of a cell. What are they? 

(13) Where does the cell manufacture proteins? 
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Chapter VII; GENES, PROTEINS AND MUTATIONJ 



A. MISTAKES IN GENETIC MATERIAL 

In order for cell duplication to be precise, 
it is necessary that the genetic material (DNA) 
be replicated exactly and distributed to the 
daughter cells. The fidelity of DNA replication 
is extremely high, but it is not perfect. There 
is a small but significant chance of mistakes 
whenever a DNA molecule is replicated. Mistakes 
can be of several kinds. The simplest and most 
frequent is the random insertion of the wrong 
monomer, leading ultimately to the change of a 
base pair. Other kinds of accidents may involve 
addition or deletion of base pairs or other gross 
rearrangements of the DNA base sequence. Often 
such errors are caused by radiation or by cer- 
tain chemicals. Whatever the nature of the 
accident, once made it is rep] icated wi th the 
same high f jdel i ty as the original sequence . 



A base change mutation can 
come about as follows: 
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Figure A. 1 
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Ttj)o points: 1. Mutation 
can show up (be expressed in 
the phenotype) after either 
the first or second round of 
replication. Remember that 
only one strand of the DNA 
is used OB a template for 
mRNA synthesis. We will 
call this the ''sense" strand 
and the complementary strand 
the "anti^sense'' strand. 
If the incorrect base is put 
into the '^sene^^^ str^xndj im^ 
mediately all rnl'NA and pro^ 
tei,i derived therefrom are 
altered. If the mutition is 
in the "anti-sense" strand., 
obviously a "sense'' strand 
(with the :ai stake) rr^vst be 
copied before the mutation 
ij expressed. 

2. Only one of the 
four granddaughter DNA mole-^ 
cules is mutant. 

Examples of mistakes 
where protein alterations 
do not occur are: 

1. a base pair change 
of mRNA codon to a synonym, 
e.g. GCU to GCC, both of 
which designate glycine; or 

2. a base pair change 
in a segment . the DNA whic^ 
codes for ric^jomal RNA, i.e., 
does not specify a protein. 

Show the PKU film "PKU 
Detection',' oPaClable from 
the Oregon State Dept. of 
Health. 

A prepared slice shew- 
ing sickle cells can be ob- 
tained from Carolina Bio- 
logical Supply, Cat. #PH 
1026 Sickle Cell Anemia - 
$1.25 per sli-de. The Lose 
pair change would be from 
T to T - A correspond- 
ing to an mRNA codon change 
frxjm GAA to CUA. 



This ability of the genetic material to perpet- 
uate sequence changes is a very imp^itant prop- 
erty of living things. It is the source of the 
enormous diversity found in the biological realm. 
Any inherited alteration of DNA is called a mu- 
tation. Many of these change the sequence of 
an mRNA molecule and thus the sequence of a pro- 
tein molecule. 

5. EFFECTS OF MISTAKES 

A change of even one amino add in the 
amino afid sequence of a protein can have pro- 
found effects, A classical example of this is 
provided by sickle cell anemia. Certain people 
carry a mutant gene controlling the amino acid 
sequence of part of the hemoglobin molecule. 
The mutant hemoglobin sequence differs from 
normal hemoglobin by only one amino acid out of 
a total of about ]kO. Position six of the mu- 
tant hemoglboin is occupied by an amino acid 
called valine, while normal heiDoglobin has an 
amino acid called glutamic acid at this position. 
In all other respects the two sequences are iden- 
tical. Yet because of this single amino acid 
difference the mutant heiDoglobin is* less soluble 
than normal hemoglobin. It tends to crystallize 
within the red blood cells, especially when the 
oxygen concentration Is low. The hemoglobin 
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stals distort the red cells into odd cres*- 
shapes'-hence the name sickle cell. The 
sickle cells are rapidly destroyed by the body, 
apparently because they are d^aged. For this 
reason the afflicted individual develops severe 
anemia and usually dies by the age of two. 

This whole train of events is probably the 
result of the change of a single base pair in 
Ihe DNA of the hemoglobin gene. There are many 
examples In which the change of a single amino 
acid in the structure of an enzyme strongly af- 
fects the catalytic activity of the enzyme. 
The most frequent effects are complete loss or 
drastic reduction in catalytic activity. This 
should not be surprising, since natural selec- 
tion has been refining the catalytic efficiency 
of most enzymes for many millions of years. 
C. CAUSING MISTAKES 

If some mutations are the result of base 
pair changes causing amino acid changes, it 
should be possible to find chemicals which in- 
crease the possibility of mistakes in DNA rep- 
lication and which therefore increase the fre- 
quency of mutation. One such chemical is 
bromouraci 1 (BU). This compound has a struc- 
ture which is identical to thymine except that 
a bromine atom is substituted for the methyl 
group of mymine. 

EWC i7<, 



Itomal Sickle 

DHA ... GAA GTA 

GTT GAT 



mBNA... CAA ... . GUA 

hewoglobin ... glu val 

Thia ie true only for 
individuals homozygom for 
sickle^oell anemia. People 
heterozygouB for thia trait ^ 
i.e. carrying one nomal 
and one mutant gene, usually 
have a nomal lifespan, al^ 
thou^ they can be adversely 
affected by violent exercise 
or high altitudes. 
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Errors can occmr at if time 
BU ie first inooi^orated into 
DNA if BU miatakenUf^ replaces 
aytoeine. Errors can also 
occur during subsequent rep^ 
licationa when BU directs the 
insertion of guanine instead 
of :zdenine in the new DM 
strand. 



BrooK)uracil Is able to '•fooT* ONA polyn»er«se. 
Cells grown in the presence of BU incorporate 
it into their ONA. However the pairing proper- 
ties of BU are not as precise as those of thy- 
mine: Bl ally pairs with adenine, but some- 
times It exists In a form which pairs with gua- 
nine. Because of this Imprecise pairing be- 
havior, ONA containing BU is much more likely to 
make mistakes during replication. Therefore, 
BU greatly Increases the frequency of mutations. 

Each gene (section of DNA which specifies 
a protein) has a characteristic probability of 
detectable error during each replication- For 
most genes this spontaneous mutation rate is 

somewhere around 1 mutation for every 10^ to 

8.1 

10 replications. The use of a mutagen (muta- 
tion inducing agent) such as BU may Increase the 
probability of mutation by a factor of 100 or 
1000, but even so we are dealing with a very 
small fraction of mutational events (1 in 10^ 
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ftpl ic4t iOf^ft) • In itudytno th# «ff«cft o1 liu* 
t#9rn^, th#f#ror#» It \% n«c«%l«ry to uftt Ur9« 
|>opuUtiof>». Hicroor9#ni vii% arc •ftp#€l#lly tult" 
•d for thU b#c«uft« wry large popuUtlooft can 
bt groii#n tatily and v«ry rapidly. 

It ift convtnient, in determining wh«th«r a 
compound W a mutagen^ to cho<>t<! a le^t organltm 
which t% alraady a mutant and ^*^r«for• 1% dtfl* 
cient in torn aniyralc activity. k« datcmnlnes 
Mh€ther th« presumad mutagen can ravart the 
original mutation* thereby restoring the missing 
eniymic acti vi ty . 



than 0wminm) 
£rwr of Hf^aHon : 
(old §tr<B%d BU ooocmianal ly 
cuffing <m oytcttifyf during 

4i/#ntw ^ Ouc9%inip (rathar 
th<xn thymine) 



M<m\f Bp^i<yi4ff^ of bacUria om 
icndyl^ 0\M»t%i ^nut4B in a 



Exercises for Home, Oe$k and Lab (HQt's) : 

(1) Three types of mistakes possible In ONA 
replication are; 

(2) A mutant ONA molecule can transfer a change 
in sequence d^^wn to the proteins. Trace 
this transfer 

(3) What evidence Jo we have in this chapter 
that the enxyme ONA polymerase is not 
speci f ic7 

{k) What are sections of ONA which specify a 
particular protein called? 

(5) If a mutant bacterial strain lacks the abil- 
ity to synthesize the amino acid alanine, 
under what conditions might this strain be 
heal thi ly grown? 



(1) a. Rcwidom insertion of 

wrong mcnoneim 
b. Addition of base pairs 
a. D0l4tion of base 

poire 

(2) The muttmt DKA would 
trmafer the error to 
mRtA, thus affecting 
the aequenoe of a pro^ 
tein molecule. 



(3) Bromouracil is (Ale to 
fool DKA polymerase in 
cells grown in the pres- 
ence of bromouracil so 
that it is incorporated 
into their DNA. 

(4) Genes 

(5) The mutant bacterial 
strain which lacks the 
amino acid alanine could 
be grcwi if that mino 
add was supplied by an 
outside source^ sudi as 
being supplied in the 
bacterial nutrient agar. 
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(7J So. It i^\)uLJ .2 

ph*^fio typify crhan^^t: <»n*;/, 
It }Jould not be in^ 
ht'riteJ. 



(6) The ctxnpound 2-#minopurine or 2AP can be 
mistakenly incorporated into DHA in place 
of adenine (A). During replication 2AP 
usually pairs with thymine (T), but some- 
times with cytokine (C). Is 2AP a mutagen? 
If so, how could it induce .i chan^^e in base 
sequence? 

(7) Suppose that a medicine was developed for 
sickle*cell anemia which acted by directly 
changing the valine at position 6 in the 
mutant hemoglobin back to glutamic acid, 
so that the mutant hemoglobin is convened 
to normal henx>globin. Would tt»is induced 
change in the hemoglobin be a mutation? 
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ENERGY CAPTURE AND GROWTH 
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Outl ine ; Energy Capture and Growth 
SECTION TOPIC 
Chapter I Energy Capture 

A. Introduction 

A. 1 Experiment: Light and Plant Growth 

A. 2 The Sources of Carbon and Hydrogen 

Used in Photosynthesis 

A. 2. a Experiment: Carbon Dioxide Uptake 

During Photosynthesis 

Quantity of Light In Photosynthesis 

B-1 Experiment: Light Intensity and 

Oxygen Evolution 

B*2 Optional Experiment: Relationship 

of CO2 Concentration to Rate of 
Photosynthes i s 

C. Light Quality and Photosynthesis 

C-1 Experiment: Light Color and 

Photosynthesis 

C*2 Experiment: Absorption Spectrum 

of Green Plant Pigments 

C. 3 Optional Experlmr't: Chromatography 

of Green Plant Pnjments 

D. The Cell Powerhouse 

D. l Observatjon: Chloroplasts in Plant 

Cel Is 

£• Path of Carbon in Photosynthesis 

E. l Experiment: ghotosynthetic Incor- 

poration of '^C02 Into Amino Adds 
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Chapter l; ENERGY CAPTURE 



A- INTRODUCTION 

Life requires energy. There is no alterna- 
tive; energy is required for all the things a 
Uving system must do. Most animals, including 
humans, get this energy and the raw materials for 
growth by eating other animals and plants. Since 
the process of converting food into living mate- 
rial is less than perfectly efficient (recall 

the second law of thermodynamics), each step exampU it takes many 



life. Without an outside source of energy it is 
clear that the living community would soon starve 
itself. Ultimately there must be an energy in- 
put from a non-living source. That source is, of 



down the food chain sustains a smaller amount of 



pounds of feed to make one 
pound of cow J while the more 
efficient consumer ^ the bac- 
teria E. coli^ will make al- 
most half a gram dry weight 
of E. coli from one gram of 
glucose. 



course, the sun, and its energy is converted in- 



The sun is also the 
ultimate source of coal^ oil 
end hydroelectric power. 



to 1 iving material by photosynthesis . On land 
and sea this process takes place predominately 
in green plants. Therefore, they are the uUi- 



At least 60% of all 
photosynthesis takes place 
in the top layers cf the 
ocean. 



mate ^ood producers for the entire living comnu- 



ni tv. 



Most photosynthesis takes place in the o- 



Only about 0.1% of the 
total incident light energy 
fi*am the sun is captured via 
photosynthesis . 



ceans by single-celled organisms called algae or 



phytoplankton. The chemical reactions which 



occur during marine photosynthesis are almost 



ERIC 



190 



Materials and Equipment 

Bean seeds (40 per 
squad of students) 
Plant seeds at least 
tuo weeks prior to 
anticipated time 
of analysis 

Planters or a 
number of % 
gallon milk 
cartons. (Cut 
the cartons doijyi 
to a height of 
approximate ly 
six inches,) 

The two groups of leaves 
should give a significant 
amount of photosynthesis so 
that a dif'^erence in the 
weight of the groups be- 
comes apparent. 

The student should ob^ 
tain results that clearly 
demonstrate a weight differ- 
ence between plants growing 
in light that actively pho- 
tosynthesize aiid those 
plants grOA^ ig in the dark 
that do tot photosynthesize. 
These results should indi- 
cate the necessity of light 
for the photosynthetic 
process. 



exactly the same as occur in land plants. 

In *>oth cases the plants use light as the 
energy source to build up the complicated poly- 
mers of which they are made. This very complex 
process we can investigate partially. For a 
start we can ask if light is necessary for plant 
growth . 

A.l Experiment: LIGHT AND PLANT GROWTH 

Weigh two groups of bean seeds, each group 
containing 20 seeds. Plant the seeds in planters 
(20 in each) or in one-half gallon milk cartons. 
Since each carton should contain 5 seeds four 
cartons will be equal to one planter (group of 
twenty). One group of 20 seeds will be grown 
in the dark and the other group of 20 will be 
grown in a lighted area. When the second clus- 
ter of leaves is apparent on those plants grow- 
ing in the light, remove both groups of plants 
(those growing in the dark and those growing in 
the light) and compare the relative growth rates 
by coiiparing the lengths. Then remove the soil, 
rinse avvvy all of the soil debris and dry the 
plants (by groups) in an oven a^ approximately 
100 degrees Celsius. After drying, weigh each 
set of bean plants and make an analysis based on 
the fol lowing : 
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1. Compare the dry mass of the plants grow- 
ing in the light with those that have 
been in the dark. 

2. Does the relative growth rate of bean 
plants seem to be affected by dark or 
1 ight envi ronment? 

3. Using the information gathered in this 
experiment, define growth. 

^. If the bean seeds kept in the dark do 
not grow, how does one account for this 
relative period of no growth? 
If it is found that light is necessary 

for growth, we can ask two questions: 

!• What environmental materials does the 
plant incorporate in order to grow? 

2. What colors of light promote plant 
growth? 

Answering the first question involves making 
some guesses and then testing them. From your 
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// there is no dicing 
.'ncn ova: Table y the plants 
may be dHcd using an infra- 
Y\\l or heat lamp^ 

.If students question the 
non^dryiH(j of the original 
bea>i seeds y let some member 
of the class dry the bean 
seeds. The weight loss is 
al)out' 20%,* 

1, Students should compare 
the average masses of the 
light and the dark groups. 
They may also wish to 
construct histograms. 



3. Growth = increase in dry 
mass. 



4. If the students feel that 
air "quality" is an im-- 
portant factor in the 
difference J then have 
them devise a set-up that 
circulates the same air 
by both sets of seed^ 
lings. 

Light will have many ef^ 
fects on plant development: 
the main point for the stu-- 
dent to get is that growth ^ 
as measured by the increase 
in dry mass of the seedlings 
over ti dry mass of the 
seedSj curs only in the 
light. 

The main elements are 
C, 0, P and with a 
little S. C constitutes 
about 50% of the dry masSy 
N about 14%, 0 25%, and H 
about 6%. Pj S and salts 
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L>. a moU' pcrccjit ba^^ii^y :i 

Only aiy JO 2 01' liOO^~ 
DiJ H^O in the cnviix)yurh:ni > 

Jv'c- lisc L to nicu^ui*t: 
L\nifon uptake by the plcait^ 
since ue have only to rneea- 
uii- fioL^ radioactive the 
plant becomes. 

. i -i . 

t roper t ies oj l 
The teacher may be u)orried 
about the hazards preseyiteil 
to the students by this iso- 
tope. Even if a student 
were to sDallou the entiis: 
class sample of this iso- 
tope (10 microcuvies) the 
radiatioyi dose he would 
receive would be equi''^ 
olent to a chest X ray. 
l^C has a half-life of 
about 5000 years It 's 
radiation is a reiative'ly 
weak ^ - (electron) 
particle with an energy of 
0.16 MEV; i.e.y this par- 
ticle will penetrate a 
sheet of paper but will not 
go through a glass test 
tube or aluminum foil. 

Materials and Equipment 

10 microcuries of 
iVaH^^COs 

This is a license- , . 
exempt quantzty of C. 
It can be obtained 
from American Scien- 
tific Chemical^ Port- 
land^ Oregon at a 
cost of $16.00. 

E lode a (order enough 
Elodea for this and 
the next experiment) 
Carolina Biological 
Supply 

Aluminum foil 
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reading in Chemistry of Living Matter what kinds 
of eleinents must the plant take up in order to 
make proteins, carbohydrates and nucleic acids? 
Let's concentrate on C and H for now. In what 
chemical forms were these elements available in 
the environment during your experiment "Light 
and Plant Growth?" 

A. 2 THE SOURCES OF CARBON AND HYDROGEN USED 
IN, PHOTOSYNTHESIS 

Our guess is that plants obtain their carbon 

from CO2 and their hydrogen from H2O. Let*s 

test these hypotheses by measuring the uptake of 

- 1 Zi - 

radioactive carbon dioxide I CO2J and the evo- 
lution of a gas (O2) during photosynthesis. 

A. 2. a Experiment: CARBON DIOXIDE UPTAKE DURING 

PHOTOSYNTHESIS 

Place a 1 5"cent I^ieter sprig of El 00 3 .n 
each of two (25 x 150 mm) test tubes. Completely 
cover one with aluminum foil so that light can- 
not reach the Elodea . Add enough 0.3% bicarbon- 
ate solution to each test tube to completely 
cover the plant. Take the test tubes up to the 
i ns tructor,who will add several drops of radio- 
active bicarbonate solution to each test tube. 
Allow both test tubes to remain in a brightly 
lighted place for at least ^0 minutes. 

A^ter a period of kQ minutes, wearing plai 
tic gloves, pour the radioactive bicarbonate 

1 \) y 



solution from the test tube into a sink with 
running water. The Elodea should be rinsed thor- 
oughly, placed on a paper towel and gently blot- 
ted. Wash the contents of the test tube down 
the sink and then rinse the test tubes carefully 
and thoroughly. 

Place the Elodea back in the test tubes 
(be sure to label correctly) and dry overnight 
in a lOO^C oven. 

Prepare planchets carryir.9 the dried sprigs 
according to your teacher's instructions. Deter- 
mine the radioactivity of each sprig by ascer- 
taining the counts per minute of '^C. Save the 
dried sprig which was illuminated for experiment 
E.'i. 

1. Are both sprigs of Elodea s igni f icantly 
radioact i ve? 

2. Is carbon incorporated into either Elodea 
sprig? 

3. Is light necessary for the uptake of carbon? 
An additional experiment involves collect- 
ing considerable gas from a large amount of 
Elodea photosynthesizinq for perhaps 2^ hours 
and then using the glowing splint test to show 
the g^s is 

With a little luck you have just shown that 
with light the plant converts '^C02 into some- 



Plastic gloves 
Geiger-Muellev counter or 

radiation level scaler 
O.Z% NaHCO^ solution 
Test tubes 25 x 160 mm. 

Freshj green^ young 
sprigs of Elodea must he dark 
adapted (kept in the dark for 
24 hours) or they will not 
perfoim at maximum efficiency. 
The ''food'' stored in the 
Elodea plant must be used up 
the dark so that maximum 
photosynthesis can occur when 
exposed to light. 

The teacher should have 
the student bring his or her 
test tube containing Elodea 
covered with 0.2% bicarbonate 
solution up to a central plajce 
where he will t hen add 1 . 0 
microcurie of C bicarbon- 
ate solution to each tube. 
To obtain a convenzent work- 
ing volume the teacher must 
dilute the radioactive bi- 
carbonate solution with non- 
radioactive 0.3% NoHCOg 
solution to a concentration 
of about 5 \\c/ml. 

Before counting the '^^002 
uptake in the leaves the stu- 
dent should first determine 
the backgrototd count per min- 
ute for a period of three min- 
utes. One background count 
for the entire class is suf- 
ficient. The background coixnt 
should be recorded on a data 
table in an appropriate col- 
umn labelled CPM (counts per 
minute). Broiler-grade alu- 
minum foil is suitable for 
making planchets. The latter 
are simply discs of foil of a 
diameter that will fit your 
counting set-up. These can 
be cut out with a razor blad^ 
or scissors. The dried Elo- 
dea sprig is very fragile and 
light . 



19'i 



Pulvex*ize the dried 
El-odea against the bottom 
of the test tubes with a 
long stirring rod. Push 
the aluminum foil playichet 
over the mouth of the test 
tube forming a cap. Remove 
the oapy smear the inner 
side of the cap with Elmer 
glue^ place the cap back on 
the tort tub3 and invert 
the test tube so that all 
of the Elodca pieces will 
fall into the cap. The 
cap . rcnSnet) is now 
ready to be counted* 

Results: 

The tube covered with 
alwtinun should show only 
a small increase in CPM's^ 
if any^ whereas the tube 
not covered should indi- 
cate an increase in CPM's 
of about 200. These re- 
sults are presumptive for 
tne uptake of carbon diox- 
ide in the photosynthetic 
process. As bicarbonate is 
the only tagged material 
the interpretations are 
obvious. 



thing in the plant and that a gas is given off 
in the process (try splint test). The C2 prob- 
ably comes from the splitting of H2O. 

2HJ0 -} 2 [ H I + Zh"^ + O2 

hv 

But did your experiment prove that was the 
source of oxygen? What the '^CO^ is converted 
into is still another mystery which we will try 
to solve in another experiment. 

Firsts however, let's look more closely 
at the light involved. For a start we will try 
to find out about light and photosynthesis, vary- 
ing first light intensity and then wavelength. 
B. QUANTITY OF LIGHT IN PHOTOSYNTHESIS 

3.1 Experiment: LIGHT INTENSITY AND OXYGEN 
EVOLUTION 

Set up the equipment as shown in Ftgure B.l, 
Place E lodea and sodium bicarbonate solution in 
the test tube with the solution exactly half fill- 
ing the test tube. With the clamp removed, care- 
fully insert the stopper as tightly as possible. 
Attach the long rubber tubing to the manometer 
and place the test tube in the Erlenrneyer flask 
wi th water. 

Place the lamp at a distance of ^0 cm from 
Elodea . Be certain to measure the distance be- 
tween the test tube and the light bulb and not 
the base of the lamp. Allow the apparatus to 
stand for five minutes before placing the clamp 



Use the appca*atus it-- 
lustrated in Fig. B. mod- 
ijied by replacing the 
manometer by a test tube 
filled with water. 

The exact chemical 
nature of the hydrogen 
/ H / produced is compli-^ 
catedy but essentially it 
is in the foifn of a strong 
reducing agent. 

No. It could have come 
f2x>m the CO 2 or somewhere 
else. Experiments have 
shown that the source was 
H^O^by using water labeled 
wvth the heaoy isotope -^^0 
and showing that the O2 
evolved was ^ 02. 
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Figure B. I 

Materials and Equipment 
(for each squad) 

1 sprig of Elodea 
about IS cm long 

1 Erlenrneyer flask 
(250 ml) 
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on the short rubber tube. This is done in order 
to allow the solution to become saturated with 
oxygen. Fasten the clamp. Tap the test tube 
before each reading in order to free any trap-- 
ped bubbles of oxygen. 

Immediately observe and record the readinn 
of the manometer. The reading may be made at 
either end of the manometer tube, but all read- 
ings must be made thereafter at the same end of 
the manometer tube. 

Take manometer readings at two-minute inter- 
vals until the rate has been stabilized, that is, 
until the same amount of oxygen is evolved during 
at least three consecutive two-minute intervals. 

Once the rate of oxygen evolution has been 
stabilized, record the rate. Move the light 
source to a distance of 20 cm from the test tube 
and repeat steps 3 and k of the above procedure. 

When the rate has been stabilized at a dis- 
tance of 20 cm, record the rate. Move the light 
source to a distance of 10 cm from the test tube. 
Repeat the above procedure and record the rate 
at 10 cm. 

Plot the data, using the distances traveled 
(mm) by the colored solution in the jnanometer as 
the vertical axis and time in minutes as the 
horizontal axis. 



1^6 

1% sodium bicarbonate 

200 ml 
Meter stick 

La;np with 100 watt bulb 
Masking tape 

Test tube^ 23 nm x 150 mm 

1 two-holed stopper 
to fit test tube 

2 pieces of glass tubing 
each about 6 cm long 

1 piece of rubber tubing 

5 cm long 
I clamp 

1 piece rubber tubing 
lO'-lS cm long 

2 manometer tube (glass) 
bent to form a "U" with 
each am 20-24 cm long 
(inside diameter of mano- 
meter tube 2-3 mm) 

Colored water or food color- 
ing to put in manometer 
to height of 3-4 cm in 
each axfn (add several 
drops of detergent 
solution) 

1 piece of cardboard^ ap- 
proximately 25 X 10 cmj 
which is stapled to a 
sheet of millimeter- 
ruled graph paper as 
background for the mano- 
meter ti4be» 

NOTE: Oxygen production is 
proportional to light inten- 
sity only at low light in- 
tensity. If the light in- 
tensity gets too highj then 
oxygen production is limited 
by other factors like CO2 
availability J etc. 
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i. mm of O.y/unit time 



2. To allov for equilibra" 
Hon of O2 ccnd tempera^ 
t ire (water has to be- 
come 02-8 at ur ate d be-- 
fore O2 gas vroduotion 
is constant) . 

B.2 Optional Experiment: 
RELATIONSHIP OF CO 2 
CONCENTRATION TO RATE 
OF PHOTOSYNTHESIS 

Set up the apparatus as 
in Experiment B.2 with the 
light 10 cm from the Elodea. 
Submerge the Elodea consec- 
utively in the following 
concentrations of sodium 
bicarbonate solution and 
measure the rate of oxygen 
evolution in each' 0%^ 
0.25%^ 0.5%^ 0.75%^ and 2.0%, 

One sprig of Elodea 
usually will '^wear out'' be- 
fore all concentrations are 
used. There are several 
ways to circumvent this 
problem^ such as using sev- 
eral sprigs of Elodea. You 
could discuss this with the 
class and elicit the various 
methods of standardization 
which could be applied to 
normalize results from dif- 
ferent sprigs. 

Construct a graph show- 
ing the relationship of rate 
of oxygen production (verti- 
cal axis) and carbon dioxide 
concentration (horizontal 
axis) . 

Remember : 

E =^ hv so whi ch color 
of light has the most energy? 
The least energy? 



1, How did you measure the rate of photo- 
synthesis? 

2. Why is it necessary to wait five minutes 
before taking readings on the manometer? 

C. LIGHT (iUALITY AND PHOTOSYNTHESIS 

The effect of light quality on photosynthesis 
can be investigated if we separate light into its 
component colors. Then we could illuminate dif- 
ferent plants with different colors of light and 
determine which grow and which don*t. A prism 
separates white light into its colors. The col- 
ors and their wave lengths are: 



Frequency 
Range v 



Color 


Wavelength Range X 


violet 


3800-^4200 % 


bl ue 


^4200-^4900 % 


green 


^900-5350 % 


ye 1 low 


5350-5900 A 


orange 


0 

5900-6^00 A 


red 


0 

6^400-7000 A 



1^ 

8 X 10 waves/sec. 



V 

^ X 10'^ waves/sec. 
o 

Light of wavelengths shorter than 38OO A or 
o 

longer than 7000 A is invisible to the human eye; 
the first i% called ultraviolet radiation and the 
i.econd infrared radiation. Plants use light in 
the visible spectrum for photosynthesis. A prac- 
tical way of separating out the color wanted is 
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to use colored cellophane, for example reel cel- 
lophane look5 red biecause it allows only light in 

o 

the wavelength region 6^00^7000 A to pass through.. 
Thus we could wrap our plants in various colors 
of cellophane and expect to get only the color 
of light transmitted by the cellophane. Then we 
could measure either total growth as before, or 
we could follow CO2 Uptake or O2 evolution as in 
the second experiment; these latter measurements 
would be faster than total growth, 
CI Experiment: LIGHT COLOR AND PHOTOSYNTHESIS 

Set up the apparatus as in Experiment B,l, 
Wrap colored cellophane around the E lodea test 
tubes. Place the Elodea at a distance from the 
light given by your teacher. 

Measure the rate of oxygen evolution. Con- 
struct a graph showing the relationship of oxy- 
gen production (vertical axis) and light color 
(horizontal axi s) , 

The experiment shows us that some wave- 
length ranges are much more effective than others 
in causing photosynthesis and in particular that 
green light is most ineffective. Perhaps this 
is why most photosynthesizing plants are green. 
They don*t use the green light, and therefore 
it is not absorbed. Let's now turn the argument 
around. Light that is effective in photosynthe- 
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The teacher could set 
2jp a yinogrodsky column for 
the growth of other kinds of 
photpsiptthetic organisms — 
bacteria and algae; this is 
a laU'-W02*k experiment which 
the student should enjoy. 
See exercise 26 ''The Wino- 
gradsky Column - a Micro- 
biological Evolutionary 
Totem Pole" ^n Biology Ex - 
periments for High School 
Students^ American Cancer 
Sc.^lety, 2964. 



Materials and Ecpxipment 
(for each squad) 

All the materials of 
Experiment B.ly plus 

Pieces of cellophane 
(redy yellow y greeny 
blue) 

1 light meter for the 
whole class 

Since each test tube of 
Elodea nmst receive the same 
light intensity (explain to 
students) the distance of the 
beaker from the light source 
must vary. Place the red 
cellophane over the light 
meter. Hold the red cello- 
phane-ccvered light meter 
10 cm from the light source 
and read the meter. Remove 
the red cellophane. Place 
two layers of green cellophane 
over the light meter. Move 
the green cellophane-covered 
meter from the light source 
until the light meter reads 
the same as it did with the 
red cellophane. Record the 
distance. Repeat with the 
blue and yellow cellophanes. 
The cellophanes are now 
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calibrated relative to each 
other ^ oi? to the amounts of 
light energy trancirit^' ted. 

When the otudenU run 
the expei^-iment^ they should 
place their cellophayze-coV'- 
ered test tu: 2S at the cal- 
ibrated distances. 

Because of the time in- 
volved each team of students 
should use cellophane of 
only one color. Place their 
data on the board. Have 
each student plot all of the 
class data. It is there- 
fore important that each 
team use an E lode a sprig 
of the same size. 

Materials and Equipment 
(for one student) 

Elodea (15 cm sprig) 
Acetone (20 rr^lj 
Mortczr and pcstL:^ 
Test tubes '23 x 100 rm) 



The critical step in 
this exercise is the ex- 
traction of the chloro- 
plasts. The mortar and pes- 
tle provides the easiest 
method. However a suit- 
able extract can be ob- 
tained by macerating the 
Elodea leaves in acetone 
in a test tube^ using a 
stirring rod. Decant the 
liquid into another test 
tube and take readings in 
the spectrophotometer. A 
blender^ if available^ can 
also be used to prepare the 
extract. 

The student should plot 
the spectmM and get a curve 
shouing a primary abeorption 
peak in the blue-^green^ 
green region and a secondary 



sis must be absorbed by something in the plant. 
Absorption mrans the capture and conversion of 
the energy that is the light. We might guess 
that the capturing agent is some kind of molecule 
or molecules. If so we should be able to sepa- 
rate it out of the plant material using chemical 
techn iques . 

C.2 Experiment: ABSORPTION SPECTRUM OF GREEN 
PLANT PIGMENTS 

Place a 15 cm sprig of E lodea in a mortar, 
add to it 10 ml of acetone and grind the El odea 
using a pestle. Save the supernatant solution 
for this experiment and the next one. Take read- 
ings as indicated below at successive 20 milli- 
micron intervals on the spectrophotometer, (See 
instructions below./ 

A spectrophotometer can be used to make pre- 
cise measu renoents of pigment absorption of spe- 
cific light wavelengths over the entire visible 
spectrum. From these data a plot of the absorp- 
tion spectrum can be prepared. Because of the 
variation in the composition of pigments from 
plant to plant, as well as differences in dif- 
ferent measuring instruments, the plot you are 
to prepare will perhaps differ from the one you 
will see in general textbooks. 

The student should get detailed instructions 
on the use of the spectrophotometer from the 
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instructor. Briefly, the general outline is as 



peak in ."-.he red^ indicating 
zones of greatest absorption. 
The flat segments of the 
curves indicate regions of 
high transmittance . 



fol lows : 



(I) Turn on the instrument and allow five 



minutes for warm-up. 



These instructions are 
for a Bausch & Lomb Spectronic 
20 Spectrophotometer. More 
complete instructions for use 
of the instrument are given 
on pp. 202 ff of Arditti 
and Dunn 's Expt^l Plant 
Physiology. 



(2) Set the zero point on the transmittance 



scale with nothing in tSe sample holder. 
(3) Fill one of the special *5pectrophoto- 



meter tubes with the acetone solvent 
being used (to be called the blank) and 
insert this in the sample holder. Turn 
the wavelength control to ^30 millimi- 
crons, and set the absorbency at zero 
with the light control. (You wi 1 1 have 
to repeat this blank setting for each 
new wavelength measurement, since the 
solvent itself has its own absorption 
spectrum for which compensation must be 
made, and because the different wave- 
lengths emitted by the lamp have dif- 
fer^.nt i ntens i 1 1 o*. . ) 
{k) Prepare a very dilute sample of your extract 
by adding few drops to a spectrophoto- 
meter tw L half- lied with the solvent. 
Adjust thi:- jinple by addition of sol- 
vent or extract so that it has an ab- 
sorbency of about 0.7 at 430 millimi- 
crons . 
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Materials and Equipment 
(for one studertJ? squad) 

Acetone extract from C.2 

1 beaker (250 ml) 

1 chromatostrip 

Benzene 7 ml 

Acetone S ml 

1 TLC plate Bake reflex 
silica gel IB. Use a 
piece 10 am X 2^ cm^ 



(5) Now set the wavelength at 380 mM!imi- 
crops. Using the blank solvent tube, 
set tKe scale at ::ero absorbency. In- 
sert tKe pigment extract sainple and 
read the absorbency on the meter. Re- 
peat these steps, taking successive 
readings at 20 mi 1 1 imi cron intervals 
up to 700 millimicrons. Before chang- 
ing to each new wavelength setting, 
turn the light control down (counter- 
clockwise) to avoid overloading the 
photoce 1 1 . 

The data should be reported on n report 
sheet. Graph the results with light absorption 
on the vertical axis and wavelength on the 
horizontal axis. 

On the same piece of graph paper, plot the 
results of Expe-ire.v. C. 1 : LIGHT COLOR AND 
PHOTOSYNTHESIS. ,'piain the relationship be- 
tween the two sets of data. 

C.3 Opt ions 1 Experiment : 

CHROMATOGRAPHY OF GREEN PLANT PIGMENTS 

The acetone extract left over from Experi- 

^ ment C.2 should be concentrated by evaporating 

the acetone by meana of a hot water bath until 

only about 1 ml is left. 

Place 1 drop of the leaf pigment extract 

1.5 cm from one end of a chromatostrip. Place 
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the strip vertically with the spot end down in a 
250 ml beaker containing a 1 cm layar of benzene: 
acetone, 7:3 v/v. Cover with a watci^ glass or 
:luminupi foi 1 . 

The solvent rapidly rises through the thin 
layer of adsorbent. Separation of the pigments 
IS apparent almost immediately. Allow the sol- 
vent to rise until it reaches 1 cm from the top 
of the strip. Remove the strip from the solv^int 
and observe the pigments. 

Lower percentages of acetone in the develop- 
ment solvent can be used for better separation of 
chlorophyll a and b. If the pigment spots are 
too dim, extract a greater quantity of pigment 
with the same amount of solvent as the original 
ext ract . 

You should note that a yellow band (caro- 
tenes) moves about as fast as the solvent front. 
Lower on the paper will be one or more yellow 
(xanthophy 1 1 ) bands, a bluish-green (chlorophyll 
a) band and a yellowish-green (chlorophyll b) 
band, in that order. Identify and outline these 
pigment bands with pencil and save your chromato- 
grams for later discussion. 

The green bands on your ch romatograms are 
the chlorophylls a and b. Both vour action spec- 
trum for photosvnthesis and your absorption :>pec- 
trum for the leaf pigments will have large bumps 
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which is ^ of a full 
sheet. 

J.T. Baker Chcenrical 
Bokei^Flex SlHoa Cel JB 
Flexible TLC Sheet 
(5 X 20 cm Box of 50 
$.13.50) 

Also used in Exp, E.l 



The accessory pigments 
(carotenes and possibly xan- 
thophy lis) also function in 
the photosynthetio process. 
They may help trap light 
energy at wavelengths at 
which the chlorophylls don't 
abeorb. They may also func- 
tion in the transfer of the 
energy to the site(s) of the 
photochemical reactions (see 
following section). 
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Matex*ialc! ccid Equipment 
(for a olass of 20 stiiJayita) 

O.I M potassium bio^xivoyiatc 
800 Til 

Active dxy yeasty 28 paokctc 

or 7 oz. 
0.2 M fructose-lj G-diphos- 
phate, ISO ml 
^ 1.0 M d-gluQOse (dextrose) ^ 
200 ml 

1.0 M potassium phosphate 
buffer pH 6.9. To prepare 
mix: 

(1) 206.0 ml of 0.02 M 
KH2PO4 solution 

(2) 94.0 ml of 0.02 M 
K2HPO4 solution 

Manometers, see Ex B.l, ch.l 
60 test tubes (any test 
tube size from 18 x 150 rm- 
25 X 200 mm will do) 
Blender J one or more 
Dish pans or pnewnatia 

troughs J 15 
Clinical centrifuge and 15 
or more centrifuge tubes 
12Z ml ErlenmeyerSj 15 
Firefly Lantern Extract 
Note : The amount of yeast 
noted in student guide pro- 
vides enough juice for two- 
student squads. However , it 
is the minimum volume neces-- 
sary to cover the blaces in 
most blenders and therefore 
the minimum volume in which 
efficient rupture of the 
yeast cells will occur. 

The teacher may wish to 
prepare the yeast juice in 
advance if time or blenders 
are in short supply. 

The juice can be saved 
overnight in a refrigerator 
either before or after the 
preincubation with glucose 
and fructose--!, 6'-diphoS'- 
phate. 

Step (Z) is needed in 
oi*der to deplete the 



A. 2 Experiment: GLUCOSE METABOLISM BY 
YEAST JUICE 

(1) Work in squads as Indicated by your teacher* 
Blend I ounce (k packets or about 28 g) of 
dry yeast In a blender with 80 ml of 0.1 M 
potassium bicarbonate for I minute. Allow 
the blended material to stand for five mi- 
nutes and then blend again for 1/2 minute. 

(2) Pour the blended liquid into centrifuge 
tubes, make sure that the centrifuge is 
balanced and centrifuge at a maximum speed 
for 15 minutes. Then carefully siphon off 
the cloudy liquid layer with a pipet. It 
is not necessary that you get all the liq- 
uid, and it is better If you don't pick 

up any of th.* solid material. Put all of 
the liquid - the yeast juice - into a 125 
ml Erlenmeyer flask. 

(3) To the yeast juice add 8 ml of 1 M glucose 
and 10 ml of 0.2 M fructose-1, 6-diphosphate. 
Incubate this mixture by placing the flask 

in a large beaker of warm (35-^O^C) water. 
Keep it there for 30 minutes or until it 
begins to bube vigorously {CO2 gas). Then 
store the juice in a refrigerator if class 
time is up. 

(k) Using this preincubated yeast juice, set up 
^ manometer tubes like that shown in 
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Figure B.l, Chapter I ( Energy Capture ) . Set 
up these manometers as indicated in Proto - 
col : Yeast Juice , A very light film of 
grease (lanolin or vaseline) should be ap- 
plied to the stoppers to ensure an air- 
tight seal. If the apparatus leaks it is 
of no value. 

(5) After assembling the entire apparatus, place 
the test tubes in a rack in a room tempera- 
ture water bath (a plastic dishpan will do). 
Let them reach temperature equ? 1 ibri urn wi th 
the water bath (3 to 5 minutes) and then 
close the clamps and art manometer read- 
ings . 

(6) Each manometer should be read at 5 minute 
intervals. Between readings, the test tubes 
should be shaken gently every 30 to 60 sec- 
onds to release all CO2 from the liquid". 
Record your readings in a table something 
like this: 



Manometer Readings 



Time 


#1 


n 


#3 




1:35 
1:36 
1:37 
1:38 


10 


12 


9 


13 


1:^40 
1:'(1 
1:42 
1:^43 


13 


1^4 


13 


21 



etc. 
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inovganio phosphate prcQent 
in the yeast juioe^ so that 
the requirement for same in 
glucose metabolism can he 
demonstrate: d. 

Sources for special materials: 

(1) Schuarz Bioresearch^ Inc. 
Orangeburg^ N.y. 10962 
#4224^25^ Fructose-h 
S^diphosphate 
Mononagnesium salt o,t 

Tech grade $8/25 g 

(2) Sigma Chemical Co. 
3500 De Kalbst 

St. Louis^ Mo. 63118 
FI£^2S0, buffered 
Firefly Lantern Extract; 

extract from 250 mg 

lantemsj $9. 

The main points for the stu-- 
dent to grasp are: 

(2) That an intact living 
cell is not needed to 
catalyze glucose breaks 
down; 

(2) Inorganic phosphate is 
needed in stoichiometric 
quantities. 
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Protocol : Yeast Juice 



Reagent \^ Manometer 
1 23k 



Pre 1 ncubated 
Yeast Juice 


5.0 ml 


5.0 ml 


5.0 ml 


5.0 ml 


1 • u n po L as s 1 um 
phosphate pH 7*0 




n "5 ml 

\j • J mi 
(6 drops) 


n nc ml 
U • U5 m 1 

(1 drop) 


n '3 m 1 


1 .0 M glucose 


KO ml 
(20 drops) 




1.0 ml 


1.0 ml 


Disti 1 led 


0.3 ml 
(6 drops) 


1 .0 ml 


0.3 ml 





Table A. 2 
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Read each manometer for at least 30 minutes. 
In which is CO2 production greatest; least? 
(7) Disassemble the manometers and save the 
tubes and their contents. (Number the 
tubesi) Obtain two ml sample of firefly 
lantern solution from the teacher. Take 
this and your manometer solutions into a 
dark room. Place 10 drop samples of the 
firefly lantern solution into four wells of 
a spot-plate and when your eyes have adjust- 
ed to the dark, a single drop of juice from 
each manometer tube into one of the wells. 
All light in the room should now be extin- 
guished. Do any of your mixtures of juice 
and firefly solution glow in the dark? 

A. 3 Experiment: GLUCOSE METABOLISM BY 
BOILED YEAST JUICE 

Repeat steps 1 , 2 and 3 of Experiment A. 2. 
Then divide the yeast juice equally between two 
test tubes. Place one in a boiling water bath 
for four minutes. Save this boiled juice in a 
refrigerator. Place the other half of the juice 
in dialysis tubing contained in a beaker of dis- 
tilled water (500 ml water). Dialyze overnight 
in a refrigerator. 

Now set up three manometers. All receive 
glucose and phosphate as indicated for manometer 
#A in the last experiment. No. 1 receives 5 ml 



CO2 production should be 
greatest in #4j with consider^ 
able production in #3. With 
the teacher ^s help students 
nmy be able to calculate haw 
manif moles of CO2 were pro- 
duced. For this they will 
need to eetimate (or measure) 
the volume fs) of their mano- 
meters. They will need to 
know the value of I atmosphere 
pressure in rrm of water and 
the value of the universal 
gas constant in the appropri- 
ate units. If the reaction 
had been allowed to go to 
completion^ between 2 and 3 
moles of CO2 would have been 
produced per mole of glucose^ 
with the consumption of 2 
moles of inorganic phosphate. 

Firefly lantern solution : 
Add 25 ml of distilled H2O to 
vial of powdered lantern 
extract. Mix well to make 
a cloudy solution. Use with- 
in a few hours. 

The juice from manometer 
should glow most brightly^ 
indicating the highest con- 
centration of ATPj resulting 
from glucose fermentation. 

Because A. 3 repeats A. 2^ 
chemicals and materials are 
the same except for dialysis 
tubing. There are 3 condi- 
tions: boiled juice in which 
enzymes are denatured but 
small molecule co factors are 
present and active^ dialyzed 
juice containing active en- 
zymes but little of the co- 
factors^ and the mixture of 
the two (which should metcbo- 
lize glucose). 

A major dialyzdble co- 
factor is ADV. without this 
no glucose breakdown can occur. 
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of boiled yeast juice, No. 2 receives 5 ml of 
dialyzed yeast juice and No, 3 receives 2,5 ml 
of each, boileJ ^nd dialyzed yeast juices. Re- 
peat steps i> and 6 of Exp. A. 2 with these 
manometers. In which do you get CO2 production? 

The analysis of glucose breakdown by y^ast 
juice and also by muscle-juice (the processes 
are almost identical) occupied biochemists for 

years. Gradually, a step at a time, they 
were able to identify the individual steps in 
^ the reaction pathway (metabolic pathway) and in 

every case to isolate and purify the enzyme 
responsible. This pathway, called the Embden- 
Meyerhof-Parnas (EMP) pathway is basically the 
same in yeast, man, trees and every other living 
thing. This pathway is shown in Figure A. 2 on 
the next page Jeading from one molecule of glu- 
cose to two molecules of pyruvate. In ferment- 
ing yeast the pyruvate is converted to ethanol 
in two steps. 

0 CO2 i;^ 2 [Hj H 

CH3 - C - COO > CHo - C > CH3 - C - OH 

H+ H 

pyruvate acetaldehyde ethanol 

In the muscles of an athlete running the 100 yard 

dash pyruvate is converted to lactate in one step. 
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H 

HCOH 



LUCOSE 



.C- 

/\0H 
HO \- 
H 



■C vOH 
OH 



H 



H 



LUCOSE-6- 
HOSPHATE 



HO 



HC— 0® 
H 



(E)0-CH 
I 

RUCTOSE-6- HL 
HOSPHATE 



RUCT0SE-U6- H 
I PHOSPHATE 



H H 
®0-fH ^0^ HC-0(!) 



^H HO / 



,COH 




EMP PATHWAY 
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ATP 
ADP 




® = PO^ 
[h] = REDUCING 
POWER AS BEFORE 



H 

HCH 



PYRUVIC ACID 
(2 mol es) 



= 0 



ATP 



ADP 



Hi 



PHOSPHO-ENOL- 
PYRUVIC ACID 
(2 moles) 



2-PHOSPHO- 



C = 

C— OH 

II 

I? 

!-o(i) 

C — OH 

4 
t 



I HYDROXY- 

CETONE 

HOSPHATE 



HC— 0® 

HCOH 3-PHOSPHOGLYCER- 
ALDEHYDE 



I ,3-Dj PHOSPHO- 
GLYCERALDEHYDE 
(2 mol es) 




GLYCERI C ACID 


s- 


•OH 


(2 mo 1 es ) 


0 






t 

H 






HC— 


■0® 


3-PHOSPHO- 


1 

HC— 


•OH 


GLYCERt C ACID 


(2 mo 1 es ) 


t- 


OH 




n 




0 





+ Pi. H20 



HC-OH 

;'h)(!-0® 
^. II 



HC-O® 
HC-OH 




I , 3-DIPHOSPHOGLYCERIC 
ACID (2 moles) 
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0 OH 

II ^ I 

CH^ - C - COO 2[Hj ^ CH^ - C - COO" 

H 

pyruvate lactate 

In both cases, but especially for the a 
Tete, the temporary product, ethanol or lactate, 
is completely burned up by another pathway when 
O2 becomes available. This is why you can run 
now and breathe bard later . 

It is not important that you remember the 
details of this scheme. . But some things you 
should see and understand. For example the im- 
portance of phosphate and how it is used. First 
you can see from the EMP diagram that the cell 
has to spend two molecules of ATP to convert 
glucose into the right chemical form (fructose -1 
6-diphosphate) for further reactions. Then it 
can earn , from further reactions, four molecules 
of ATP. Thus the net gain is two molecules of 
ATP from ADP and phosphate. (Do you see now why 
the yeast juice requires added phosphate to fer- 
ment glucose?) 

This pathway can be run in the reverse di- 
rection with a few alterations. Thus it can be 
used to Synthesize glucose and then starch from 
simpler molecules. If you remember 3"phospho- 
glyceric acid (PGA) as the initial product of 
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C02 fixation in photosynthesis, then running this 
reaction scheme backwards makes sense. It is 
undoubtedly how starch is made in plants. Starch 
is then stored energy which the plant uses in the 
dark and at other times when photosynthesis 
is impossible. 

A couple of large questions might bother 
you at this point. For instance, how come yeast 
grows so much better with O2 than without it? 
And how do we get from any of the chemicals in 
the Q\P pathway to any and all of the amino 
acids and nucleotides? After all, these latter 
chemicals are the important ones in growth. 

The answer to the first question is that 
there is still another pathway for the complete 
combustion of pyruvate when O2 is available. 
This is called the tricarboxylic acid cycle 
(TCA cycle) and it produces, indirectly, I8 
times as much ATP as the EMP pathway. For a 
diagrom of the TCA cycle see Figure A. 3. 

Once again there are some important points 
to see: 

1. The three carbon atoms in pyruvate are all 
converted to CO2. 

2. For every to^ ..le one molecule 
of pyruvate is rv>ii)busted and one mole-ule of 
oxaloacetate is regenerated. Obviously some 

Q 2 2 

ERIC 



Also called -the Krebs Cycle 
or OttjnrC Acid Cycle, 
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PYRUVATE 




TCA CYCLE 



COENZYME A-SH 



2M 






0 

II 

CH3—C-S — COENZYME A 




\ 

c-coo 
1 










CH—COO" 

2 





COENZYME A-SH 



OXALOACETATE 



HO-CH-COO" 



CH2— COO" 



MALATt 




FUMARATE 







CH,— COO- 

1 ' 


C URATE 


HO- 


-c— coo- 

CH2— COO" 






\ 






CH— COO- 

V , 


CI TRATE 




cH-xoo:) 
1 

-CH-coo- 




MO- 



CH — COO" 

I ' 

CH2— COO" 



SUCCI NATE 




2LHJ 



OC- KETOGLUTARATE 



CHo-C-S-Coenzyme A is an activated form of acetate (acetic 
acid) analogous to other activated forms of carboxylic acids. 
This activation permits the reaction with oxaloacetate to proceed. 
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of the reactions are used to "get Into position" 
for other reactions which actually produce 
usable energy. You may ask how all of the ATP's 
are produced? The answer is that the reducing 
power of [H] is used to do this. This is done 
in another pathway which is still largely a 
mystery. We do know that the reducing power 
is transferred step by step down a chain of 
stronger and stronger oxidizing agents until 
ultimately it is used to reduce O2 to two mole- 
cules of H2O. In some of these oxidation- 
reduction steps, ATP is produced. Overall this 
pathway makes 3 molecules of ATP for each pair 
of protons which make the trip. 

The second question referred to the 
formation of amino acids, nucleotides and other 
essential compounds. It has been shown that 
the two pathways just considered are the "core" 
of the metabolism of almost every living thing. 
There are "side streets" leading off at various 
points to all of the amino acids and other 
monomers which tKe cell needs. If we schema- 
tize the EMP and TCA pathways, some of the side 
streets can be visualized. 

What is really amazing is the economy in 
the number of steps used fay living things to 
produce all the chemicals they need. The whole 



The '^e leotron transport chain. " 

In the electron transport 
system what is actually trans^ 
f erred down the chain is a 
pair of electrons. The pro- 
tons '^accompany" them^ the 
ultimate reaction being: 
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STARCH AND CELLULOSE 




PYRUVATE ' ► alanine AND 5 OTHER 

•I AMINO ACIDS 




Figure A.'* 
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metabolic scheme is a little like the road map of 
a we 1 1 -designed city. There are the freeways 
branching off into main streets branching off into 
side streets. The main pathways produce usable 
energy (ATP and reducing power) which are then 
consumed in the branch pathways, (See Figure 

Exercises for Home, Desk and Lab (HDL's) 

(1) Proteolytic enzymes are capable of digest- 
ing what kind of polymers down to what 
kind of monomers? 

(2) An enzyme Jn saliva can convert the starch 
polymer into what monomers? 

(3) a. Under what two circumstances may 

glucose be degraded by yeast? 

b. Write the balanced equation for each. 



c. Which reaction appears to be the 
reverse of photosynthesis? 
ik) a. When glucose is converted to pyruvate 
the reaction requires how many mole- 
cules of ATP? 



(1) Proteolytic enzymes split 
proteins to amino acids. 



(2) This enzyme converts 
starch to glucose. 

(3) a. Glucose may be de- 

graded by yeast 
either with or with-- 
out the presence of 
oxygen. Aerobic deg-- 
radation occurs in 
the presence of oxy- 
gen. Anaerobic deg- 
radation occurs in 
the absence of oxy- 
gen^ 

b. 0611120^602 > 

6002 6 H2O 
usable energy 

^Me > 

2C^^0H + CO 2 ^ 
usable energy 
o. The aerobic degrada- 
tion looks like pho- 
tosynthesis run in 
reverse. 

(4) a. Two molecules of ATP 

are required for the 
conversion of glucose 
to pyruvate. 
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b. Four molecules of 
AW are produced 
when glucose is 
cor.vevted to pyru- 
vate^ which leaves 
the cell with a 
net increase of 
two molecules of 
ATP. 

a. This pathway is 
called the Embden- 
Mey erh of-Pam as 
pathway, 

b. Yeast is able^ in 
two steps ^ to con- 
vert it to ethanol. 
Man's muscles are 
able to convert it 
to lactate. 

Yeast is able to grow 
better in air because 
there is an addition^ 
al pathway^ called the 
trioarboxylia acid cycle ^ 
for the complete com- 
bustion of pyruvate when 
D2 is available. 

a. Id amino acids are 
shown as resulting 
from this scheme. 



b. Tryptophan^ tryosine^ 
phenylalanine^ or- 
ginine^ proline^ 
alanine^ serine 
and glycine. 

a. No. 

b. Yes^ the lax^er 
the amount of pnos- 
phate^ the greater 
the rate of produc- 
tion of CO2* 



b. How many molecules of ATP are produced 
during this series of reactions? 

(5) a. The metabolic pathway which is basical- 

ly the same in yeast, man, trees and 
other living things is known by what 
name? 

b. The pyruvate produced by this pathway 
can be crnverted by yeast and man to 
what? 

(6) Why is yeast able to grow better in air 
than wi ihout a? » ? 

(7) In the sche iat?zed EMP and TCA pathways 
you are shown some of the side streets 
which lead to the production of amino 
acids needed by the body. 

a. How many amino acids are shown to be 
produced? 

b. List the names of specific amino acids 
shown in the scheme, 

(8) a. Are whole, live yeast cells required to 

break down glucose? 
b. Does the amount of phosphate present 
in a solution affect the metabolism 
rate? Explain, 
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Chapter li I : METABOLISM AND GENES 
Many small molecules other than glucose can 
serve consumers as total sources of usable ener- 
gy and of monomers. These include other kinds 
of sugars we»l as alcohols, carboxylic acids 
and amino acids. Each of these potential food- 
stuffs requires special Cn-zy/nes for its break- 
down. These special catabolic enzymes are use- 
less unless the particular substrate molecule is 
present in the environment. One would expect, 
therefore, that a special enzyme would not be 
produced unless its substrate were available. In 
fact, this is what is found for many consumer 
organisms. 

The breakdown of lactose (the sugar found 
in milk) by the bacterium E . co 1 i ( Escherichia 
col i) is a good example of catabolism. Lactose 
is a disacchari de; that is, it is made up of 
two simpler sugar residues, one glucose and one 
galactose. 



Catabolia enzymes break doum 
or convert foodstuff mole- 
cules into usable energy and 
at the sane time synthesize 
the starring material for 
essential monomers. 



CH2OH 




H OH 
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GALACTOSE 
RESI DUE 



GLUCOSE 
RESI DUE 



LACTOSE 



231 



181 



Mcomals muLt per form 
the same hydrolyaia of lac- 
tose in order to utilize it. 



Lactose and certain 
other 3 galactoaidee induce 
E. coli to synthesize 3 gal- 
actcsidase (step 1/. 



Here galactose is in the 3 form. It is 
bonded via the one-carbon oxygen of galactose 
(in the 3 configuration) to the four position 
of glucose. Hence it is often called a 3*-galac- 
toside. 

In order for E , co 1 i to utilize lactose it 
must first hydrolyze or split lactose into its 
two monomer! c components, galactose and glucose, 
utilizing a special catabolic enzyme, 
enzyme 

lactose + > galactose + glucose. 

The glucose can ther, be used directly via the 
EMP pathway, while the galactose must first be 
converted into glucose. This requires another 
three enzymes. Overall the total conversion of 
lactose to glucose is: 



LACTOSE 



STEP 1 (GALACTOS IDASE) 




LACTOSE AND CERTAIN OTHER 

QALACT0SIDE8 I NOUCE E. COLI 
TO SYNTHESlZEy^GALACTOSlDASE 
(STEP I). 



GLUCOSE 



The enzyme that performs step 1 is called 6-ga- 
lactosi dase. E, col i makes it only when present- 
ed with lactose or a similar 6-gal actoside. 
0-galactosidase is specific for the 6-galactose 
half of the molecule and will therefore hydro- 
lyze or split almost any molecule containing 
this sugar. 

There are a number of important points in 
regard to this metabolic pathway. One is that 
E. coll makes only a tiny amount of 6-gal actos Idase 
unless lactose or some other 6-gal actose is 
present. Thus this very simple organism has the 
ability to turn on and off one of Its genes. 
Another is that 6-galactos Idase is the only path- 
way of lactose utilization available. 

Actually there are two genes Involved in 
lactose uptake and splitting. One, called the 
Z gene, specifies 6-galactos Idase and the other, 
called the Y gene, specifies the permease prote- 
in. This latter protein transports lactose a- 
cross the cell membrane Into the cell. Without 
It lactose cannot enter. Some mutants can make 
p-galactosldase but cannot eat lactose. These 
are permease-ncgat I ve mutants, unnble to pump lac- 
tose Into the cell. Both of these genes (Z and 
Y) are turned on by lactose or some related ga- 
I actoside In the environment. Another gene (the 
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Stepe 2^ 2, and 4 are 
catalyzed hy a eet of enzyme 
induced by galaotoee^ not 
laatoee. Both in E. ooli and 
in hunane a genetic defect 
causing loee of function of 
the enzyme catalyzing etep 
three leada to a dieeaae call^ 
ed galactoeemia. For the 
bacteria thie dieeaae ie 
fataly and for human infante 
thie defect leada to feeble- 
mindedneae if the infant ie 
fed normal lactoee- containing 
milk. 



Each E. Coli cell can 
contain ae many aa 3000 mole- 
culee of ^-galactoeidaee. 

There are probably hun- 
dreds of ita gp.nee which 
E. Coli can turn on and off. 
The eame enzyme ie found in 
the lining of the human in- 
tee tine. Why ie it there? 
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These active sites are 
binding sites, not cata-- 
lytic sites (such as when 
ureoBe occupies one site, 
distoyyting the other bind-- 
ing site, i.e. pulling it 
out of shape). 

Mutations in the i gene 
ntop the synthesis of active 
repressor. Hence the Z and 
1 genes are turned on all 
of the time in such mutants. 
The repressor was only a 
hypothesis in the minds of 
geneticists until recently, 
when it was finally isolated 
and purified. This was a 
very difficult task as 
there are only tiny amounts 
of repressor — about 10 mole- 
cules per cell. 

E. coli can eat about 
50 different sugars, alco- 
hols and organic acids. 
With a few exceptions all 
these compounds are meta- 
bolized by induced enzymes, 
that is, enzymes made only 
in the presence of the 
compound. 



i gene) is involved in this control of Z and Y 

function. The i gene specifies another protein, 

called the repressor, which specifically binds 

to a small region of the DNA near the Z gene, 

thereby preventing any messenger RNA synthesis 

for the ur Y genes. The repressor (R) is a 

double-act ive -s i te enzymes. One site combines 

with the specific DNA segment, the other site 

with lactose. These two binding activities are 

mutually antagonistic such that when there is 

sufficient lactose around all of the repressor 

is "pulled" off the DNA. 

R + DNA R-DNA 

+ lactose (Z and Y turned off) 




R-1 actose 

(Z and Y turned on) 

The lactose genes Z and Y constitute what 
is called an Inducible system, that Is, a set of 
genes which are Induced or turned on by the pres- 
ence of the right chemical In the environment. 
Almost all energy-producing (catabollc) systems 
are Inducible. Why does this make sense for the 
organ Ism? 

On the other hand the amino acid synthesizing 
pathways (sets of enzymes) are represslble. That 
Is, the presence of the particular amino acid In 
the environment turns off the synthesis of the 
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enzymes responsible for production of that amino 
acid. This means that E . co 1 i will not make this 
particular amino acid from glucose as long as 
it can get it ''free,'* Does this make Sense? 

This sort of control of gene activity takes 
place in all living things. For more cOiiipl i cated 
organisms it is a more complicated process but 
still essentially the same. Every cell in every 
organism is using only part of its genes at any 
time. When this control breaks down the conse- 
quences can be very bad. For example many 
scientists believe that cancer cells are cells 
which have lost the ability to control certain 
genes. 
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Some 0ene8j such ob those 
Q-pecifying the enzymes in the 

and TCA pathways^ are 
aZwccye turned on beaccuse the 
cell aluays needs these path-- 
ways. Nevertheless these 
genes are also controlled, 
since the cell may need more 
or less energy under differ- 
ing conditions. 

E. coli is probably not 
using more than 1/2 (about 
2500) of its genes at any one 
time* 
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